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PART IV. 

NEW EXPERIMENTS IN ELECTRICITY, 

THE laws of EIed:ridty, together witli 
the experiments neceflary for their 
demonftration, having already been deforib-^ 
ed, in as compendious a manner as could be 
done v^ithout obfcurity, 1 fhall, in the laft 
Part of this Work, relate fuch new experi- 
ments and obfervations as I have made at 
different. timeSi principally with a view to 
difcover, if pofiible^ the unknown caufe of 
feveral eleftrical phenomena, efpecially thofc 
relative to atmoipherical Eleftricity. 

Vol. II. B The 
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2 A Complete Treatise 

The firft inflrument that I made ufe of to 
obfcrvc the Elcdtricity of the atmofphere, 
was an ele(ftrical kite^ which I had conftruc- 
ted, not with a view to obfervc the Ele&ri- 
city of the air ; for this, I thought, was 
very weak> and feldom to be obferved ; but 
as an inftrument which could be occafio- 
nally ufed in time of a thunder-florm, in 
order to obfcrve the Eledtricity of the clouds. 
The kite, however, being juft finifhed, to- 
gether with its ftring, which contained a 
brafs wire through its whole length, I raifed 
it on the 31ft of Auguft 1775, at fevcn of the 
clock in the afternoon, the weather being a 
little cloudy, and the wind juft fufficientfbr 
the purpofe. The extremity of the ftring 
being infulated, 1 applied my fingers to it ; 
which, contrary to ray expe(9tation, drew 
very vivid and pungent fparks : I charged a 
coated phial at the ftring feveral times, but 
I did not then obferve the quality of the 
Eledricity. This fuccefsful experiment 
induced me to raife the kite very often, and 
to keep it up for feveral hours together; 
thinking that if any periodical Eledricity, 
or any change of its quality, took place in 
the atmofphere, it might very probably be 

difcovered 
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difcovered by this inftrument. In the fol- 
lowing two Chapters I (hall defcribe the 
conftrudion of the eledrical kite, with its 
appurtenances i and diall tfanfcribe the 
moft remarkable part of my journal relative 
to the kite} /• e. deicribing fuch experi^ 
men ts only as are moft remarkable, and do 
not happen very commonly ; for although 
I hav6 ufed my kite fbmetimes ten, ancf 
more times in a week, and at any hoiir of 
the day or night, yet as the greateft parf of 
thofe experiments are only of ufe to con- 
firm a few laws of atmofpherical Eleiftri- 
city, I {hall omit their particular detail, 
and (hall only fubjoin thofe laws at the end 
«f the fecond chapter* 
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"The ConfiruSton of the ele^tical Kite^ and 
other Inftrutmnti ujid with it. 

THE firfl elearical kite that I con* 
flruded, was feven feet high ; and 
it was made of paper, with a flick or ilraiter, 
and a cane-bow^ like the kites commonly 
nfed by fchool-boys. On the upper part 
of the ftraiter I fixed an iron ipike^ pro^ 
je£Ung about a foot above the kite^ which 
I then thought was abfolutely neceffary t(> 
colledl the Ele6tricity ; and I covered the 
paper of the kite with turpentine, in order 
to defend it from the rain. This kite, per- 
fect as I thought it to be in its conftrudion, 
and fit for the experiments for which it was 
intended, foon manifefted its imperfedtions, 
and, after being raifed a few times, it be- 
came quite unfit for farther ufe ; it being 
fo large, and confequently heavy, that it 
could not be ufed, except when the wind 
was ftrong ; and then, after much trouble 

in 



• ^H E L E C T R I,C I TY. 5 

in raifing and drawing it in, it often receiv- 
ed fome damage : which foon obliged me 
to conftrudl other kites upon a different 
plan, in order to afcertain which method 
would anfwer the beft for my purpofe. I 
gradually leflened their fize, and varied their 
form, till I obferved, upon trial, that a com- 
mon fchool-boy's kite was as good an elec- 
trical kite as mine. In confequence of 
which, I conftru<aed my kites in the moft 
fimple manner, and in nothing different 
from the children's kites, except that I co- 
vered them with varnifh, or with well- 
boiled linfeed-oil, in order to defend them 
from the rain ; and I covered the back part 
of the ftraiter with tin-foil, which, how- 
ever, has not the leafl power to increafe its 
Eledricity. I alfo furnifh the upper extre- 
mity of the flraiter with a flender wire 
pointed, which, in time of a thunder- ftorm, 
may perhaps draw the EJe<5tricity from the 
clouds fomewhat more effe<3:ually; but in 
general, I find, as it will appear in the ac- 
count qf the experiments, that it does not 
intheleafl affed the Eleftricity at the firing. 
The kites that I generally have ufed^are 
about four feet high, and littk above two 

^ •'^ 3 feet 
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feet wide. This fizc, I find, is the moft 
convenient, becaufe it renders them eafy to 
be managed, and, at the fame time, they 
can draw a fqfficient quantity of firing. As 
for filk or linen kites, they require a good 
deal of wind to be raifcd ; and then 'they 
arc not fo cheap, nor fo cafy to be made, 
as paper kites are. The firing fometimes 
breaks, and the kite is lofl, or broken ; for 
which reafon thefe kites fhould be made as 
cheap and as fimple as poflible. 

The firing is the moft material part of 
this apparatus ; for the Eledlricity produced 
is more or lefs, according as the ftring is a 
better or a worfe Condudlor. The firing 
vhich I made for my large kite, confifted 
of two threads of common twine, twifled 
together with a brafs wire between the 
{Irands. This ftring fervcd very well for 
two or three trials ; but, on examination, I 
foon found, that the wire in it was broken 
in many places, and it was continually 
fnapping i the rnetallic continuation, there- 
fore, being fo often interrupted, the ftring 
became foon fo bad, that it a<flcd nothing 
better thai? common twine without a wire. 

I at- 
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I attempted to mend it, by joining the brok- 
en pieces of wire, and working into the 
twine anpther wire, which proved a very 
laborious work ; but the remedy had very 
little efFe(ft, the wire breaking again after 
the firft trial ; which determined me to 
adopt other methods : and, after feveral ex- 
periments, I found that the beft ftring was 
one, which I made by twifting a copper 
thread * with two very thin threads of 
twine. Strings like this I have nfed for the 
greateft part of my experiments with the 
kite, and I find them to be exceedingly 
ufeful, and fit for the purpofe. Silver or 
gold thread would do much better to twift 
with the twine, becaufe they are much 
thinner than copper thtead, and, in confe- 
quence, the ftring would be much lighter ; 
but, at the fame time, it is to be confidered, 
that gold or filver thread is much dearer 
than copper thread, 

I have attempted to render the twine a 
good Condudlor of Electricity, by cover- 

* I mean fuch a thread of copper as is ufed for trim- 
mings, &c. in imitation of gold threads ; which are 
nothing more than filk, or linen threads^ covered with 
g thin lamina of copper.^ 

B 4 ing 
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ing it with conducing fubftanccs ; as 
lamp-black, powder of charcoal, very fine 
emery, and other fubflances, mixing them 
with diluted gum- water; but this method 
improves the firing very little, and for a 
very (hort time ; for the faid conducting 
fubflances are foon rubbed off the twine. 
Mr. Nairne informed me, that he had 
ufed to foak the ftring of his eledtrical kite 
in a ftrong folution of fait, which rendered 
it a good Conductor, fo far as it attradted 
the moifture of the air. In confequence of 
this information, I foaked in falt-water 
a long piece of twine, and, by raifing a 
kite with it, I found that it conduced the 
Eledlricity pretty well ; but I thought it 
much inferior to the abovc-defcribed ftring 
with the copper thread : befides, the falted 
firing in wet weather not only leaves part 
of the fait upon the hands of the operator, 
and, in confequence, renders them unfit to 
manage the reft of the apparatus, but it 
marks a white fpot wherever it touches the 
clothes. 

In raifing the kite when the weather is 
very cloudy and rainy, ia which time 

there 



I 

MELEeTRIOITY. 9 

there is fear of meeting with great quan- 
tity of Elciftricity, I generally ufe to hang 
upon the ftring AB, fig. 9* Plate IV, the 
hook of a chain C, the other extremity of 
which falls upon the ground. ' Sometimes 
I ufe another 'caution befides, which is, to 
ftand upon an infulating ftool ; in which 
fituation I think, that if any great quan- 
tity of Eledricity, fuddenly difcharged by 
the clouds, ftrikes the kite, it cannot afFciSt 
much my perfon. As to infulated reels, 
and fuch-like inftruments, that fome gen- 
tlemen have ufed to raife the kite, without 
danger of receiving any (hock ; fit for the 
purpofe as they may appear to be in theory, 
they are yet very inconvenient to be mana- 
ged. Except the kite be raifed in time of 
a thunder-ftorm, there is no great danger 
for the operator to receive any ftiock. Al- 
though I have raifed my eledirical kite hun- 
dreds of times without any caution what- 
ever, I have very feldom received a few 
exceedingly flight fhocks in my arms. In 
time of a thunder-ftorm, if the kite has not 
been raifed before, I would not advife a 
perfon to raife it while the ftormy clouds 
are juft overhead ; the danger in fuch time 

' being 
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being very great, even with the precautions 
above-mentioned : at that time, without 
raifing the kite, the Eledtricity of the clouds 
may be obfcrved by a cork-ball electrometer 
held in the hand in an open place ; or, if it 
rains, by my ele£lrometer for the rain; 
which will be defcribed hereafter. « 

When the kite has been raifed, I gene- 
rally introduce the ftring through a win- 
dow in a room of the houfe, and faflen it 
to a ftrong filk lace, the extremity of 
which is generally tied to a heavy chair in 
the room. In fig. 8. of Plate III. AB re- 
prcfcnts part of the ftring of the kite 
which comes within the room; C repre- 
fents the filk lace; D£, a fmall prime 
Condudlor, which, by means of a fmall 
wire, is connected with the ftring of the 
kite ; and F reprefents the quadrant elec- 
trometer, fixed upon a ftand of glafs co- 
vered with fealing-wax, which I ufed to 
put near the prime Conduftor, rather than 
to fix it in a hole upon the Condudor, be- 
caufe the ftring AB fometimes ftiakes fo 
as to pull the prime Condu6tor down ; in 

which cafe the q^uadrant ele(^ro(neter re* 
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mains fafe upon the table; otherwife it 
would be broken, as I have often expe- 
rienced before I thought of this method. 
G reprefents a glafs tube, about eighteen 
inches long, with a knobbed wire ce- 
mented to its extremity; with which inftru-^ 
ment I ufe to obferve the quality of the 
Electricity, when the Ele6tricity of the 
kite is fo ftrong that I think it not fafe to 
come very near the firing. The method 
is as follows ;— I hold the inftrumcnt by 
that extremity of the glafs tube which is 
the fartheft from the wire, and touch the 
firing of the kite with the knob of its 
wire, which, being infulated, acquires a 
fmall qua'ntity of Eleftricity from it| 
which is fufficient to afcertain its quality 
when the knob of the inflrument is brought 
pear an eleftrifjed eleftrometert 

Sometimes^ >yhen I ralfe the kite in the 
pight-time, out of the houfe, and where I have 
not the convenience of obferving the quality 
of its Eledricity by the attraflion and repul* 
fion, or-even by the appearance of the eledric 
light, I make ufe of a coated phial, which 
J <;an charge at the firing, and, when pharg- 

ed, 
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cd/put it into my pocket; wherein it will 
keep charged even for feveral hours *• By 
making ufe of this inftrument, I am oWiged 
to keep the kite up no longer than is necef- 
iary to charge the phial, in order to obferve 
the quality of the Eledtricity in the atmo- 
Iphere ; for after the kite has been drawn in 

♦ The conftrudioH of this phial is as follows :— 
Befides the coating of the infide and outfide, that this 
phial has, like any other of the fame kind, a glafs tube, 
open at both ends, is cemented into its neck, and pro- 
ceeds within the phial, having a fmall wire faftened to 
its lower extremity, which touches the infide non-elec-. 
trie coating. The wire with the knob of this phial is 
cemented into another glafs tube, which is nearly twice 
as long, and fmaller than the tube cemented into the neck 
of the phial. The wire is cemented fo, that only its 
knob projeds out of one end, and a fmall length of it 
out of the other end of the tube. If this piece with the 
wire be held by the middle of the glafs tube, it may be 
put in or out of the tube which is in the neck of the phi- 
al, fo as to touch the fmall wire at the lower ext;^remity 
of it, and that without difcharging the phial, if it is 
charged* I have kept fuch a phial charged for fix weeks 
together ; and probably it would kefep much longer, 
if it were to be tried. The ingenious young Eleftrician 
may make ufe of fuch a phial for feveral diverting pur- 
pofes. — The piece of glafs which ferves to hold the wire 
by, is rather better to be fixed above than below the 
ball. In this cafe, the ball is perforated quite through, 
and the wire projects a ihort way above it; to which 
the glafs tube is cemented* 

8 and 
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and brought home, I can then examine tjie 
Eiedricity of the infide of the phiaU which 
is the fame as that of the lute. 

When the Elc<aricity of the kite is very 
^rongy I fix a chain, communicating with 
the ground, at about fix inches diftance 
from the firing; whidi may carry off it$ 
Ele^ricity, in cafe that this (houM iticreafe 
io much as to put the by-ilanders in . danrr 
ger. 

■ « 

V Befides th^ above- defcribed apparatus,; J 
have occafionatty ufed fome other inftni^ 
ments, which I have often varied^ accotdt^* 
ing as fome particular experiments requi- 
red ; but, as they are of no great confe- 
quence, I {hall omit to defcribe them. It 
is only neceflary, before I enter into the 
narration of the principal experiments 
performed with the kite, to give an idea of 
the ftandard of my quacfrant eledtrometer y 
which may, very probably, fhevv the fame 
intenfity of Eleftricity under a number of 
degrees different from the other inflrument 
of the fame kind. When the kite is flying, 
and the apparatus is difpofed as in fig. 8. of 

Plate 
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Plate III, I bring, under the extremity E 
of the 'prime Conduftor, a little bran, held 
upon a tin plate, and obferve, that when the 
index of the eledlrometer is at ten degrees, 
the prime Conductor begins to attradt the 
bran at the diflance of about three-fifths of 
an inch ; when the index is at twenty de-> 
grecs, the prime Conductor attrafts the 
bran at the diftance of about one inch and a 
quarter ; when the index is at thirty de- 
grees, the bran begins to be attradted at the 
diftance of two inches and one-fifth. Thefe 
diftaAces vary, as the weather changes its 
degree of drynefs ; but in frofty weather I 
obierve them conftantly as above. 
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CHAP. ir. 



Experiments performed with the ekBrical 

Kite, 

SEptember the 2di 1775. The weather 
being very cloudy, and actually rain- 
ing, the kite was raifed at eight o'clock 
P. M. with two hundred yards of ftring, 
which had a brafs wire through its whole 
length. The wind was from the fouth and 
very ftrong. The Eledlricity at the firing 
was negative, and juft fufficient to charge a 
half-pint phial fo as to give a fhock feniiblc 
to the elbows. The kite, after being up 
for about one hour, fell to the ground, hav- 
ing its paper, which was riot properly var- 
niftied, almoft entirely torn off by the vio-r 
lence of the wind and the rain. 

September the 14th. The kite was 
raifed with a ftrong north wind at half paft 
three P, IVt The Eledtricity was pofitive, 

and 
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and pretty ftrong, the index of the eledro- 
nieter being generally about 20***. The 
weather was rather cold, and very thick 
clouds were gradually approaching the ze- 
nith. The kite was pulled down at half 
part: four -P. M. 

N. B. At night the aurora borcalis was 
very ftrong, and feveral flafties of lightning 
were feen near the horizon towards the 
north. 

. September the 23d. A fmall kite was 
raifed at half paft ten o'clock in the morn- 
ing, and it was kept up for eleven hours 
fucceflively, viz. till half paft nine P. M. 
The ftring, which was only a common 
twine, without a wire, was conftantly elec- 
trified pofitively, although in a very fmall 
degree. About nine o'clock the Eledri- 
city appeared ftronger, fo that a fmall phi- 
al, charged at the ftring, gave a pretty fen- 
fible ftiock. The weather was very clear, 
and warm; but in the night no aurora bo- 

* The index of the electrometer in general rifes 
higher or falls lower, according as the kite comes 
nearer to, or goes farther from the zenith; the length 
of the ftring remaining the fame. 

reahV, 
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rcalis, or any other cledlrical appearartcci 
was perceived. The wind was eaft by 
fouth, and fo weak that the kite was kept 
up with great difficulty* 

Oiftober the loth, 1775. The weathet 
being clear, and the wind blowing flrong 
from the fbuth weft, the kite was raifed at 
eleven o'clock A. M, with ninety yards of 
ftring, which had a copper thread twifted 
in *. The wind, during the experiment, 
increafed and decreafed feveral times ; and 
the Electricity, which was pdfitiVe, as it 
appeared by the index of the eletflrometer, 
alfo increafed and decreafed. At noon the 
violence of the wind caufed the kite to fallk 
At half paft four o'clock, the wind being a 
Jittle more moderate, the kite was raifed 
again* The Electricity was alfo po(itive> 
and feemed rather ftronger than it had been 
in the morning. The weather at this time 
Was cloudy ; the clouds appearing much 
thicker near the horizon than about the 
Eenith. The kite w^s pulled down at half 

* 

* Such ftrlhg as this Was ufed in all the following 
experiments. 

Vol. II. Q pafr 
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pad five o'clock, and at half after fevcn 
was raifed again ; every phenomenon con- 
tinuing the fame. At eight o'clock, while 
I was pulling the kite in, I infulated the 
firing when only thirty-five yards of it 
were out, and was furprifed to find, that 
now the Ele<ftricity was as flrong as it had 
been, when all the firing was out, which 
was ninety yards long. It mufl however 
be remarked, that at this time a few fiafhes 
of lightning were feen among the clouds, 
which were pretty thick about the horizon. 
At a quarter pafl eleven o'clock the kite 
was raifed again, which was the fourth 
time of- raifing it that day \ the weather 
then being very clear, and the wind the 
fame as in the afternoon. The Eleilricity 
was very weak, but conflantly pofitive^ 
The kite was pulled down, after having 
been up a few minutes only. 

Oftober the i6th. At about two P. M. 
a thick fog being juft cleared up, the wea- 
ther became clear, and the wind began to 
blow from the fouth-fouth-weft. The kite 
was raifed with one hundred and twenty 
yards of firing, and it was. kept up no 

longer 
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longer than a quarter of an hour. The 
Eledtricity was pofitive, and pretty ftrong ; 
the index of the electrometer being about 
15% At half paft three o'clock the khe 
was raifed again, the weather being very 
little cloudy* At half paft four o'clock 
the clouds became very thick, and in a 
fliort time it began to rain, which increafed 
the Eledricity of the kite, without chang- 
ing its quality ; the index of the eleftro- 
meter arriving to 20**. The kite was pul- 
led down at five o'clock. 

Odober the i8th. After having rained 
a great deal in the morning, and night be- 
fore, the weather became a little clear in 
the afternoon, the clouds appearing fepa- 
rated, and pretty well defined. The wind 
was weft, and rather ftrong, and the at- 
mofphere in a temperate degree of heat. 
In thefe circumftances, at three P. M. I , 
raifed my eledrical kite with three hun- 
dred and fixty feet of ftring. After that 
the end of the ftring had been infulated, 
and a leather-ball, covered with tifi-foil, 
had been hung to it, I tried the power 
and quality of the Eledtricity, which ap- 

C 2 peared 
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peared to be pofitive, and pretty ftrong. In 
a (hort time a fmall cloud pafling over, the 
Eledricity increafed a little ; but the cloud 
beittg gone, it decrcafed again to its former 
degree. The firing of the kite was now 
faflened by the filk lace to a pod in the 
yard of the houfe wherein I lived, which 
was fituated near Iflington, and I was re- 
peatedly charging two coated phials, and 
giving fhocks with them : — while I was fo 
doing, the Eledlricity, which was ftill pofi- 
tive, began to decre'afe^ and in two or three 
Uiinutcs time it became fo weak, that it 
could be hardly perceived with a very fen- 
fible cork-ball eleftrometer. Obferving at 
the fame time that a large and black >cloud 
was approaching the zenith (which, no 
doubt, caufed the decreafe of the Eleftri- 
city) indicating imminent rain, I introdu- 
ced the end of the firing through a window, 
in a lirfl-floor room, wherein I faflened 
it by the filk lace to an old chair. The 
quadrant electrometer was fet upon the 
^me window, and was, by means of a wire, 
connefted with the firing of the kite. Be- 
ing now three quarters of an hour after 
three o'clock, the Eleftricity was abfo- 

lulely 
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lutely unpcrccivable ; however, in about 
three minutes time, it became again per- 
ceivable, but now upon trial was found to 
be negative ; it is therefore plain, that its 
flopping was nothing more than a change 
from pofitive to negative, which was evi- 
dently occafioncd by the approach of the 
cloud, part of which by this time had 
reached the zenith of the kite, and the rain 
alfo had begun to fall in large drops.— The 
cloud came farther on J — the rain increaf- 
ed, and the Eleftricity keeping pace with ^ 
it, the cleftrometer foon arrived to 15**. 
Seeing now, that the Ele<ftricity was pretty 
ftrong, I began again to charge the two 
coated phials, and to give fhocks with 
them ; but the phials had not been charged 
above three or four times, before I per- • 
ceived that the index of the eledrometer 
was arrived to 35% and was keeping ftill 
increafing- The (hocks now being very 
fmart, I defifted from charging the phials 
any longer ; and, confidering the rapid ad- 
vance of the Elcdtricity, thought to take off 
the infulation of the ftring, in cafe that if 
it (hould increafc farther, it might be filent- 
\f condu<3:ed to the earth, without caufing 

C 3 any 
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any bad accident, by being accumulated in 
the infulated firing. To effeift this, as I 
had no proper apparatus near me, 1 thought 
to remove the filk lace, and faften the 
firing itfelf to the chair ; accordingly, I dif- 
engaged the wire that connedled the elec- 
trometer with the firing ; laid hold of the 
ilring; untied it from the filk lace, and 
fattened it to the chair ; but while I effcdled 
this, which took up lefs than half a minute 
of time, I received about a dozen, or fifteen, 
very flrong fhocks, which I felt all along 
my arms, in my breafl, and legs ; fhaking 
me in fuch a manner, that I had hardly 
power enough to efFe<9: my purpofc, and to 
warn the people in the room to keep their 
diflance. As foon as I took my hands off 
the firing, the Eleftricity (in conlcquence 
of the chair being a bad Conduftor) began 
to fnap between the firing and the fhutter 
of the window, which was the nearefl body 
to it. The fnappings, which were audible 
at a good diflancc out of the room, feemed 
firfl ifochronus with the fhocks which I 
had received, but in about a minute's time, 
oftner ; fo that the people of the houfe com- 
pared their found to the rattling noife of a 

jack 
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jack going when the fly is off. The cloud 
now was jufl over the kite ; it was blacky 
and well defined, ef almoft a circular form, 
its diameter appearing to be about 40* ; the 
rain was copious, but not remark^ably 
heavy. As the cloud was going oflF, the 
eledrical fnapping began to weaken, and in 
a ftiort time became unaudible, I went 
then near the firing, and finding the Elec- 
tricity weak, but ftill negative, I infulated 
it again, thinking to keep the kite up fome 
time longer; but obferving that another 
larger and deiifer cloud was approaching 
apace towards the zenith, as I had then 
no proper apparatus at hand, to prevent 
every poflible bad accident, I refolved to 
pull the kite in ; accordingly a gentleman, 
who was by me, began pulling it in, while 
I was winding up the fl:ring. The cloud 
was now very nearly over the kite, and the 
gentleman, who was pulling in the firing, 
told me, that he had received one or two 
flight fhocks in his arms, and that if he 
were to feel one more, he would certainly 
let the firing go ; upon which I laid hold of 
the firing, and pulled the kite in asfafl: as I 

C 4 could. 
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could^ without any farther obfervation; 
being then ten minutes after four o'clock. 

N. B. There was neither thunder or- 
lightning perceived that day» nor indeed for 
feme days before or afterwards. 

November the 8th, 1775. The wind 
being north-weft, and juft fufficieri^, the 
kite was raifed at three quarters paft eleven 
A. M. with one hundred and twenty yards 
of ftring. The Eleftricity was pofitive, 
and weak, the weather being cloudy. At 
noon the clouds grew thicker, and the 
Electricity quite vanifhedj however, in a 
few feconds it returned, and from thi^ 
time it evidently kept increafing and de- 
creafing, according as the clouds became 
thinner or thicker. At forty minutes after 
one o'clock the Eledlricity vaniihed again ; 
a thick cloud then covering almoft the 
whole hemifphere -, but as a little rain be- 
gan to fall, the Eleftricity returned, and it 
was ftill pofitivc. At three quarters paft 
three o'clock the clouds began to grow 
thin, and the Eleftricity increafed a little ; 
but at this time I was obliged to pull the 

. kite 
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kite in. The index of the ele<ftrometer in- 
this experiment feldom arrived to 6*« 

November the i6th. The weather be- 
ing very clear and frofty, the kite was raif- 
ed at a quarter paft ten A, M. with one 
hundred and twenty yards of firing. The 
Eledricity was pofitive, and pretty ftrong, 
the index of the eleftrometer going from 9* 
to 15**; railing as the wind blew ftronger, 
and the kite was more elevated, and vice 
verfa. At a quarter paft three o'clock the 
wind, which was north-north-weft, intirely 
^ failing, the kite fell. 

November the 17th, The weather be- 
ing exceedingly damp, and the fog fo denfe, 
that the houfes at about a quarter of a mile 
diftanbe could not be diftinguifhed, the 
kite was raifed at two P. M. with one hun- 
dred and ten yards of ftring, while it was 
raining, but very little. The Eledricity 
was pofitive, and fo weak that the cork- 
balls of an eleftrometer diverged about 
three quarters of an inch. The wind be- 
ing very violent, I was obliged to pull the* 
kite in, after having been up for about five 

ipinutest 

December 
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December the 5th, 1775. The weather 
being equally cloudy^ and the wind weft 
by north, and hardly fufiicient, the kite was 
raifed at a quarter paft three P. M. with 
one hundred and twenty yards of ftring. 
The Eledtricity was pofitive, and fo weak 
as to caufe the cork-balls of an electrometer 
to diverge about an inch. At a little after 
four o'clock the kite was pulled in ; and at 
cigh^ o*clock in the evening it was raifed 
again. At this time the Eledlricity was 
much ftronger than in the afternoon, but 
conftantly pofitive. The weather clearing 
up, the clouds were driven away by the 
wind, which was now a little ftronger 
than in the afternoon. At forty fhinu tes 
after eight o'clock the iky was clear, the 
moon and ftars appearing very bright ; ex- 
cept that a few thin clouds were yet to be 
feen near the horizon. The index of the 
electrometer was now going from 15 to 
20*. At ten minutes after nine o'clock the 
kite was drawn in. 

N. B. No aurora borealis was to be 
feen. 

December 
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• December the 20th, The weather be- 
ing cloudy and hazy, the kite was raifed at 
thr^e quarters after ten o'clock A. M, with 
one/ hundred and forty yards of firing. 
The Eleflricity was pofitive, and pretty 
ftrong, the index of the eleftrometer going 
from 1 6* to 21% Athalf paft one P. M. 
the weather growing a little clearer, I pul- 
led the kite down ; and, after having inter- 
pofed a filk ribband between its loop^nd 
the extremity of the ftring, £6 as to infu- 
late the kite, I raifed it again with the fame 
length of firing ; and, after I had infulated 
the lower extremity of the firing, I ob- 
ferved that the intenfity of the Elearicity, 
as it appeared by the index of the elec- 
trometer, was, as nearly as could be de- 
termined, the fame as before, /• e. when 
the kite was not infulated with reipedl to 
the firing. 

At two o'clock P. M • I pulled the kite 
down, and found, upon obfervation, that the 
filk ribband had contraAcd no moiflure, fo 
that thelcite was perfcdly infulated by it. 
This experiment of infulating the kite I 
have often repeated at other times, and 
5 have 
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have always met with the fame fuccefs; 
hence it appears, that it is the firing, and 
not the kite, which in general coUedls the 
Electricity from the air. The kite there- 
fore in general is only ufcful to extend the 
firing high into the open air. 

January the 4th, ^^^(y. The frofl hav- 
ing been very hard during the day and night 
before, the wind began to blow very flrong 
from the fouth at two o'clock A. M. which 
occafioned a fudden thaw and a copious 
rain. At eight o'clock A. M. at which 
time the kite was raifed, the hemifphere 
appeared like a uniform dark canopy, un- 
der which fevcral fmall, irregular, and 
darker clouds were running very faft ; the 
rain was conflant, but not remarkably 
heavy. As foon as the flring of the kite 
was infulated, the Eledlricity, which was 
negative, began to fnap from it, to the 
fhutter of the window and other bodies 
near ; the index of the eleftrometer arrived 
to 40^, and it would have certainly gone 
farther, if the apparatus had been drier ; 
but the air was fo damp, that it was almofl 
impoflible to keep any part pf the appara- 
tus 
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tus fufEeiently free from moifture. The 
Eledricity, however, gradually decreafed, 
lb that at ten o'clock A. M. at which time 
the kite was pulled in, the index of the 
eleftrometer was at a little above 1 2% The 
coated phials in this experiment were 
charged furprifingly quick; three or four 
ieconds of time being fufficient to charge 
two half-pint phials completely. 

January the nth. The aground was 
covered with ice and fnow, and the atmo- 
fphere was fo hazy, that the houfes at a 
mile diftance could not be perceived. The 
wind was fouth-eaft by fouth, and juft fuf- 
ficient to raife the kite, which was raifed 
at three o'clock P. M, with one hundred 
and twenty-four yards of firing, and kept 
up till half an hour after midnight. When 
the kite was firft raifed it began to thaw, 
but as foon as it was dark it began to freeze 
again very hard. The Eleftricity was po- 
fitive, and pretty ftrong, the index of the 
eledtrometer being about i^"". At half paft 
four o'clock 1 let out thirty-four yards 
more of firing, fo that all the firing the kite 
now had, was one hundred and fifty-eight 

yards. 
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yards* With this addition of ftring the 
Eleiftricity increafed» fo that the index 
of the clcftrometer arrived to i7*» At 
half after five o'clock the wind began to 
increafe, and the Eleftricity to decreafe^ 
until the index of the eledlrometcr arrived 
to 6\ At three quarters paft fix o clock 
the index of the electrometer vsras about 
13% and at feven o'clock it arrived to 20"* ; 
the wind being now quite eaft. At a 
quarter paft feven o'clock the index of the 
eleftrometer was about 25*. From this 
time the wind and the Eledtricity began 
both to decreafe^ fo that at nine o'clock the 
index of the eledkrometer was ibout io% 
At eleven o'clock the wind increafed. At ^ 
twelve o'clock the wind was very ftrong^ 
and the index of the eledlromcter was 
about 6'. At half paft twelve o'clock the 
index of the electrometer was between 3* 
and 4"*; but the wind being grown very 
violent, the ftring broke very near the 
window, and was loft with the kite, 

N. B. A few minutes after the kite was 
loft, it began to faow copioufly. 

January 



c« Electricity. 31 

January the 26th. The froft being very 
intenfe, as it had been for about three 
weeks, and adlually fnowing, I raifcd the 
kite, with fevcnty yards of firing ; but be- 
fore the firing was infuiated^ it ceafed to^ 
fnow, and the weather began to clear up^ 
and foon became very ferene. The Elec- 
tricity was pofitive, iand very flrong, the 
index pf the eledrometer being about 32*. 
At eleven o'clock the firing broke, and the 
kite fell, after having been up for above 
three quarters of an hour. 

February the 17th, 1776. The weather 
being cloudy, rainy, and fo hazy, that the 
houfes at half a mile diflance could not be 
difcernedy the kite was raifed at three 
quarters pafl eleven o'clock A. M. with 
one hundred and feventy-five yards of 
firing* The wind was pretty flrong ; the 
Electricity was negative, and alfo flrong j 
the index of the eledtrometer being about 
20*. In about five minutes time the rain 
ceafed, the wind weakened, and fhifted a 
little towards, the fouth ; and the Eledri- 
city changed from negative to pofitive. 
The index of the eleftrometer was now 

about 
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about 1 5% In two or three minutes tirtie^ 
It began to rain again^ and continued fa 
' iot the greateft part of that day ; the wind 
became very weak, and the Eledtricity 
changed again from poiitive to negative^ 
and continued fo till half an hour after 
noon I at T^hiqh time the wind became fb 
weak that I was obliged to pull the 
kite in. 

February the 19th. The iky being full 
of pretty well defined clouds, and the 
wind weft-north-weft, the kite was raifcd 
at half paft three o'clock P. M. with one 
hundred and feventy-fivc yards of ftring. 
The Eledtricity was pofitive and ftrong, 
the index of the cleftrometer going from 
lo* to 20*. At three quarters paft three 
o'clock a denfe cloud pafted over the kite, 
which occafioned the index of the eleftro- 
meter to defcend to j^. As the cloud 
went away, the cledtrometer elevated its 
index. At four o'clock the kite w^s 
pulled down. 

April the 8th, 1776. The weather was 
clear, and the northern light very ftrong. 

The 
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The kite was raifed for a few minutes at 
nine o'clock P. M. with one hundred and 
feventy-five yards of firing, the wind 
being north- north- weft, and pretty ftrong* 
The Eleftricity was pofitive, and, as I 
could judge, the index of the eledlrometer 
would have arrived to 15*4 

May the I5tb, 1776. The weather 
being cloudy, and the wind north, the kite 
was raifed at three o'clock P* M* with one 
hundred and feventy yards of ftring. The 
Electricity was at firft exeeedingly weak> 
and, as I imagine (for I had not time to 
examine it) pofitive. But a denfe cloud 
paffing over the kite, the Eleftricity va- 
nifhed 5 and, as a few drops of rain fell> a 
very weak negative Eledtricity appeared, 
which foon increafed, fo as to caufe the 
index of the eleftrometer to arrive to 15*. 
The rain, however, in a few minutes 
ctfafed, and the Electricity gradually de- 
creafed and vaniflied. A very weak pofi- 
tive Eledlricity immediately took place; 
but, as another denfer cloud paflTed over, 
and a few very fmall drops of rain fell, the 
pofitive Eledricity vaniflied, and the ne- 

Vot. IL D gativc 
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gative took place. The cloud and rain 
ibon went off, and the Electricity became 
again pofitive^ and continued fo till the 
kite was pulled down. According as the 
clouds, which pafled continually over the 
kite, were thinner or thicker, fo the Elec- 
tricity was more or lefs intenfe ; ibmetimes 
cauiing the index of the eledlrometer ta 
arrive to 5% and at other times being fcarcc 
perceivable with the cork-ball eledtrometer* 
At five o'clock the kite was pulled in, the 
weather being then pretty clear, and the 
index of the eledrometer at 3*. The wind^ 
during' this experiment, was ftronger or 
weaker, according as the clouds which 
pafled over were thicker or thinner. At 
half pad feven o'clock in the evening of 
the fame day, the kite was raifed again^ 
with the fame length of firing, the wind be- 
ing then rather flrong, and the weather 
pretty clear. The Eledricity was pofitive, 
and the index of the electrometer flood at 
10**; but as fome clouds came from the 
north, the Eleftricity began to decreafe, and 
by eight o'clock it jufl feparated the: balls 
of an electrometer, the hemifphere being 
then entirely covered by clouds. At half 

:4 paft 
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pad eight o'clock the kite was pulled down^ 
the clouds over the kite being then very 
thin, and the index of the ^ledrometer 
at 5^ 



•o 



June the 4th, 1776, The weather being 
cloudy, and the wind on the fouth-fouth* 
weft, th© kite was raifed at one o'clock 
P. M. with one hundred and feventy yards 
of ftring. The Eledricity was pofitivc> 
and the index went from i** to j^. At 
three quarters paft one o'clock the clouds 
began to be diflipated, and the Eleftricity 
increafed a little. At two o'clock the kite 
was pulled in. 

' « ^^ . 

June the 17th. The weather being 
^ cloudy, and the wind fouth-weft, the kite 
was raifed at five o'clock P. M. with one 
hundred and feventy yards of ftring. The 
•Eledlricity was pofitive, and the index of 
the ckarometer went from lo* to i6\ 
In this experiment the clouds, whether 
thicker or thinner^ feemed to have no ef- 
fcft upon the Eledricity of tlje kite. At 
a quarter paft fix o'clock the kite was 
puUedHn. 

D 2 June 



3(J ^Complete Treatise 

June the 20th. The weather belng^ 
cloady, and the wind eaft, and juft fuf- 
ficient, the kite was raifed at three quar- 
ters paft three P. M. with one hundred 
and feventy yards of firing. The Eledri- 
city was pofitive, and the index of the 
eledlrometer flood about S*", At five 
o'clock the weather began to clear up, and 
the Electricity to increafe ; fo that in half 
an hour's time, the index of the eledtro- 
meter arrived to 17*"; and at fix o'clock it 
flood at 25*. But the wind fuddenly fail- 
ing about this time, the kite fell. 

January the 8th, 1777. The weather 
being frofly and clear, and the wind north, 
and pretty flrong, the kite was raifed at 
four o'clock P. M. with one hundred and 
feventy yards of firing. The Electricity 
was pofitive and flrong, the index of the 
eleftrometer being at 36*. The fpark taken 
from the fmall prime Condudlor was re- 
markably pungent in this experiment, al- 
though it was hardly a quarter of an inch 
long. At a quarter pafl five o'clock the 
kite was pulled in. 

General 
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General Laws^ deduced from the Experiments 
performed with the eleStrical Kites^ 

I. The air appears to be eledrified at all 
times ; its Eledricity is conftantly pofitive, 
and much ftronger in frofty, than in warm 
weather^; but it is by no 'means lefs in 
the night than in the day-time ^. 

II. The prefence of the clouds generally 
leffens the Eledricity of the kite : fome- 
times it has no effed: upon it -, and it is 
very feldom that it increaies it a little^ 

* My obfervations upon the EleSricity of the at- 
mofphere have been made in almoft every degree of 
temperature, from 15** to 80** of Farenheit's ther- 
mometer. 

f In all my experiments, it; happened only once 
that the firing of the kite gave no figns of EleSricity ; 
it was one afternoon, when the weather was warm, and 
the wind fo weak, that the kite was raifed with diffi- 
culty, and could hardly be kept up for a few minutes; 
in the evening, howevei-, the wind, which in the day- 
time had been north-weft, fliifted to the north>eaft, 
blowing a little ftronger ; I then raifed the kite again, 
being half paft ten o'clock, and obtained, as ufual, a 
pretty ftrong pofitive Eledlricity. 

D ^ III. When 
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III. When it rains, the Eleftricity of 
the kite is generally negative, and very feU 

' dom pofitive. 

IV. The aurora borealis feems not to 
afFcft the Elcftricity of the kite. 

V. ' The eledlrical fpark taken from the 
ftring of the kite, or from any infulatcd 
Conduftor conneded with it, efpecially 
when it does not rain, is very feldom 
longer than a quarter of an inch ; but it is 
exceedingly pungent. When the index of 
the ele<ftromcter is not higher than 20% 
the perfon that takes the fpark will feel 
the efFedt of it in his legs ; it appearing 
more like the difcharge of an eleftric jar,i 
than the fpark taken from the prime Con- 
ductor of an electrical machine. 

VI. The Electricity of the kite is ia 
general ftronger or weaker, according as 
the ftring is longer or Shorter ; but it does 
not keep any exaCt proportion to it : the 
Electricity, for inftance, brought down by 
a ftring of a hundred yards, may raife the 
index of the electrometer to 20° ; when,^ 

with 
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with double that length of firing, the in- 
dex of the cled:rometer will not go higher 
than 25% 

VII. When the weather is damp, and 
the Eledtricity is pretty ftrong, the index 
of the eledlrometer, after taking a fpark 
from the firing, or prefenting the knob of 
a coated phial to it, rifes furprifingly quick 
to its ufual place j but in dry and warm 
weather, it rifes exceeding flow. 

Thefe few laws are, in fhort, the deduc- 
tion of all my experiments performed with 
the kites, during the courfe of about two 
years. How far they may be of ufe, or 
may coincide with the obfervations of other 
cxperimentators, I will not pretend to fay. 
My experiments have been performed at 
Iflington, and perhaps the refult of fimilar 
ones may be different at other places, efpe- 
cially under different climates j I \<ri£h, 
therefore, that they may be accurately re- 
peated in other places, and their refult 
may be compared together ; in order to de- 
termine, if poffible, fomcthing fatisfaftory, 
relative to the caufe of that perpetual 

D 4 EleiSricity 
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Eledlricity which cxifts in the atmofphere, 
and which, very probably, occafions the 
Eleftricity of the clouds. 



CHAP. Ill, 

Experiments performed with the Atmofpheri- 
cat EleSlrometer^ and the Eledlrometer for 
the Rain. 

FI G. I. of Plate III. rcprefents a very 
finiple inftrument, which I havo 
contrived for the purpofe of making obfer- 
vations on the Eledlricity of the atmo- 
fphere ; and which, on feveral accounts, 
feems to be the moil ufeful for that pur- 
pofe. A B is a common jointed fiftiing-- 
rod, without the laft or fmalleft joint. 
From the extremity of this rod proceeds a 
flender glafs tube C, covered with fealing- 
wax, and having a cork D, at its end, 
from which a pith-ball electrometer is 
fufpended. HGI is a piece of twine faf-.. 
tened to the other extremity of the rod, 
and fupported at G by a fnjall ftring FQ, 

At 
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At the end I of the twine a pin is faftened, 
which, when puflied into the cork D, 
renders the electrometer E uninfulated. 

When I would obferve the Eledlricity 
of the atmofphere with this .inftrument, I 
thruft the pin I into, the cork D, and 
holding the rod by its lower end A, pro- 
jedt it out from a window in the upper 
part of the houfe intp the air, raifing the 
end of the rod with the eledtrometer, fo as 
to make an angle of about 50° or 60° with 
the horizon. In this fituation I keep the 
inftrument for a few feconds, and then 
pulling the twine at H, I difengage the pint 
from the cork D5 which operation caufes 
the ftring to drop in the dotted fituation 
KL, and leaves the ele<ftrometer infulated 
and ele<3:rified, with an Ele(9:ricity contrary 
to that of the atmofphere.— *This done, 1 
draw the inftrument into the room, and 
examine the quality of the Eledlricity, 
without obftruiftipn either fron^ wind or 
darknefs. 

With this inftrument I have made ob- 
fprvations on the Eledricity of the atmo- 

iphere. 
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ipherc, fcveral times in a day for fevcral 
months, and from them I have deduced 
the following general obfervations, which 
fecm to coincide with thofe made with the 
ele(ftrical kites, 

I. That there is in the atmofpherc, at 
all times, a quantity of Eledlricity ; for, 
whenever I ufe the above-dcfcribed inftru-* 
ment, it always acquires fome Elcdtri* 
city, 

II. That the Electricity of the atmo- 
sphere, or fogs, is always of the fame kind, 
namely pofitive ; for the electrometer is 
always negative, except when it is evidently 
influenced by heavy clouds near the zenith ; 
as appears by the obfervations made the 
19th of prober, in the following fpecimen 
of the journal. I 

III. That in general, the ftrongeft Elec- 
tricity is obfervable in thick fogs, and alfo 
in frofty weather ; and the weakeft, when 
it is cloudy, warm, and very near raining : 

but it does not feem to be lefs by night than 
in the day time. 

IV. That 



^/z Electricity. 43 

IV, That in a more elevated place the 
Electricity is ftronger than in a lower one j 
for, having tried the atmofpherical eleftro- 
meter, both in the ftone and iron gallery 
in the cupola of St. Paul's Cathedral, I 
found that the balls diverged much more 
in the latter than in the former lefs clc-f 
vated place ; hence it appears, that, if this 
rule takes place at any diflance from tho 
^arth, the Eledricity in the upper regions 
of the atmofphere muft be exceedingly 
ftrong. 
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The eledrometer for the rain, in prin- 
ciple IS nothing more than an infulated 
inftrument to catch the rain, and by a pith- 
ball cleftrometer to (hew the quantity and 
quality of its Eledtrieity. 

Fig. 2. of Plate III. reprefents an inftru- 
ment of this kind, which I have frequent- 
ly ufed, and after feveral obfervations, have 
found to anfwer very well. A B C I is a 
ftrong glafs tube about two feet and a half 
long, having a tin funnel, DE, cemented to 
its extremity, which funnel defends part of 
the tube from the rain. The outfide fur- 
face of the tube from A to B is covered 
with fealing-wax5 fo alfo is the part of 
it which is covered byvthe funnel. FD is a 
piece of cane, round which feveral brafs 
wires are twifted in difFcrent directions, fo 
as to ^ catch the rain eafily, and at the fame 
time,' to make no refiftance to the wind. 
This piece of cane is fixed into the tube, 
and a flender wire proceeding from it goes 
through the bore of the tube, and commu- 
nicates with the ftrong wire A G, which is 
thruft into a piece of cork faftened to the 
end A of the tube. The end G of the 
wire AG is formed into a ring, from which 

I fufpend 
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I fufpend a more or Icfs fenfible pith-ball 
cled:rometer, as occafion requires. 

This inftrument is faftened to the fide 
of the wmdow-frame, where it is fupported 
by ftrong brafs hooks at C B, which part 
of the tube is covered with a filk lace, in 
order to adapt it better to the hooks. The 
part FC is out of the window, with the 
end F a little elevated above the horizon. 
The remaining part of the inftrument 
comes through a hole in one of the Jights of 
the fafh, within the room, and no more of 
it touches the fide of the window than the 
part CB. 

When it rains, efpecially in pafling 
fhowers, this inftrument, ftanding in the 
fituation above defcribed, is frequently 
eledrified ; and, by the diverging of the 
cleftrometer, the quantity and quality of 
the Eledtricity of the rain may be obferved, 
without any danger of a miftake. With 
this inftrument I have obferved, that the 
rain is generally, though not always, elec- 
trified negatively, and fometimes fo ftrong- 
ly that I have been able to charge a fmall 

coated phial at the wire A G. 

This 
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This inftrument fliould be fixed in fuch a 
manner, that it may be eafily taken off 
from the window, and replaced again, as 
occafion requires; for it will be neceflary 
to clean it very often, particularly when a 
ihower of rain is approaching. 

I {hall conclude this chapter with the 
defcription of a pocket eledtrometer, fig. ^ 
and 6. of Plate III. that I have lately con- 
ftrudled, and which, on feveral accounts, 
feems preferable to thofe of the moft fen- 
fible fort now in ufe. -The cafe, or handle 
of this eledtrometer is formed by a glafs 
tube, about three inches long, and three- 
tenths of an inch in diameter, half of 
which is covered with fealing-wax. From' 
one extremity of this tube, /. e. that with- 
out fealing-wax, a fmall loop of filk pro- 
ceeds, which ferves oecafionally to hang the 
eledtrometer on a pin, &c. To the other 
extremity of the tube a cork is adapted, 
which, being cut tapering on both ends, 
can fit the mouth of the tube with either 
end. From one extremity of this cork, 
two linen threads proceed, a little fhorter 
than the length of the tube, fufpending 
each a little cane of pith of elder. When 

this 
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this eledrometer is to be ufcd, that end or 
the cork which is oppofite to the threads! 
is puftied into the mouth of the tube; 
then the tube forms the infulated handle 
of the pith eleftrometer, as reprefented fig, 
6. Plate III. But when the electrometer is 
to be carried in the pocket, then the 
threads are put into the tube, and the cork 
Hops it, as reprefented fig. 5. The pecu- 
liar advantages of this eleftromcter are, its 
convenient fmall fize, its great fenfibility, 
and its continuing longer in good order 
than any other I have yet feen. 

Fig. 4. of Plate III. reprefents a cafe to 
carry the above- defcribed electrometer in* 
This cafe is like a common tooth-pick cafe, 
except that it has a piece of amber fixed on 
one extremity A, which may occafionally 
ferve to electrify the eledtrometer nega- 
tively, and on the other extremity it has ^ 
piece of ivory faftened upon a piece of am- 
ber BC. This amber BC ferves only to 
infulate the ivory, which, when infulated, 
and rubbed againft woollen cloths, acquires 
a pofitive Eledtricity 5 and it is therefore ufe- 
ful to electrify the eledtrometcr pofitively, 

CH AP, 
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C H A P. IV. 

I 

'Experiments made with the EleStrapborus^ 
commonly called a Machine for exhibiting 
perpetual EleSlricity. 

IN fig. 9. of Plate IIL there are repre- 
fented fome Plates, commonly called 
the Machine for exhibiting perpetual Elec- 
tricity, or the EleSlrophorus. This machine 
confifts of two plates, one of which, B, is 
a circular glafs plate, covered on one fide 
with fome fulphureous or refinous eledtric, 
moft commonly with a compofition made 
of equal parts of rofin, flielUac, and ful- 
phur ; the other plate A, is a brafs plate, 
or a board covered with tin-foil, which is 
nearly of the fame dimcnfions as the elec- 
tric plate, and it is furnifhed with a glafs 
, handle I, which, by means ' of a brafs 
: or wooden focket, is fcrewed into its 
center. This machine is the invention of 
an Italian philofopher (Mr. Volt a of 
Como) and its ufe is the following : 

. , Vol, II. E Firft, 
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Firft, the plate B is excited, by rubbings 
Its coated fide with a piece of new white 
flannel, and when excited as much as poC- 
fible, is fet upon the table with the coated 
fide itppermoft* Secondly, the metal plate 
ia laid upon* the exerted eledric, as repre- 
fented in the figure* Thirdly, the laetal 
plate is touched with the finger or any 
<>cfacr Condudor, which, on touching- file 
pTate, receives a fpark frooi it. Laftly, tftue 
metal plate A, being held by the cxtro- 
«)ity cf its glafs handle I, is iepairated firooi 
the dedtric plate \ and, after it is elevated 
ibove that plate, it will be found ftrongly 
'electrified, with an iEiedricity contrary to 
'that of the ele6tric plate, in which cafe it 
will give a very flrong fpark to any Coo- 
do^or brought near it. By fettipg the 
metal upon the electric plate, toocbing it 
with the finger, 2xA feparating it fuc- 
€efl[ivclyt a great number of fparks naay be 
obtained apparently of the fame ftreogtb, 
and that without exciting again the elecSric , 
plate. If thefe fparka are repeatedly given 
to the knob of a coated phial, this will 
prefently become charged . 

The 



M E L fe C T R I C I T t. 51 

*rbt a€ti©rt of thefe plates depehds apoti 
ft ptlhtiffle ibftg ago difbover^, ^uiz. the 
pbwet rflat «i ticited eledric has tb in- 
duce a ciSMxitf El^ftfidty ih a body 
b^ftght ^i^xti its (phere of aaion 1 the 
Ifnetatt plat*) thereforcj when fet upon the 
exfeitfSd etearici tfcqultes a cohtt-ary Elee- 
trfcit]^, by giving its cfearic fluid to the 
handf^ bi ochtt Cdfnduaor that touches it, 
wh^n fet upon a plate poiitively eledrified ; 
of ac^uifing an additional quantity of fluid 
irotii the hand, &c. when fet upon a platb 
cle6trified negatively. 

As to the continuance of the virtue of 
this eleftric plate, when once txtitt^, wirti'- 
out repeating the excitatioh, I think thciie 
is hot' the leaft fouhdatron for belicVihg it 
pferpetual, as fome perfohs have fuppofed ; 
it being nothing niori than an excited elec- 
tric, it muft graduiaHy lofc its power, by 
imparting continually fome of its Elec- 
tricity to thti air, or other fubftantes con- 
tiguotts to it. Indeed its Elcftricity, al- 
though it could never be proved to be per- 
petual by experiments, lafts a vefy loftg time, 
it having been obferved to be pi'elty rtfong 

E 2 feveral 
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fevcral days, and even weeks after excita- 
tion. The great duration of the Eleftricity 
of this plate, I think, depends upon two 
caufes : firfl^ becaufe it does not lofe any 
Eleftricity by the operation of putting the 
metal plate upon it, &c. ; and fecondly, 
becaufe of its flat figure, which expofes it to 
a lefs quantity of air, in comparifon with a 
ftick of fealing- wax, or the like, which be- 
ing cylindrical, expofes its furface to a 
greater quantity of air, which is continually 
robbing the excited eleftrics of their 
virtue. « 

The firfl: experiments that I made rela- 
tive to this machine, were with a view to 
difcover which fubftance would anfwer beft 
for coating the glafs plate, in order to pro- 
duce the greateft eiFedl. I tried feveral 
fubflances either fimple .or mixed, and at 
laft I obferved, that the ftrongefl in power, 
as well as the eafieft I could conftrudt, 
were thofe made with the fecond fort of 
fealing" wax *, fpread upon a thick plate of 

glafs. 

* It is remarkable, that fometitnes they will not aA 
well at'firft ; but they may be rendered very good, by 
fcraping with the edge of a knife the fhining or glof- 

fy 
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glafs-f. A plate that I made after this 
manner, and no more than fix inches in 
diameter, when once excited, could charge 
a coated phial feveral times fuccefiively^ fo 
llrong as to pierce a hole through a card 
with the difcharge. Sometimes the metal 
plate, when feparated from it, was fo 
flrongly electrified, that it darted ftrong 
fiafhes to the table upon which the 
electric plate was laid, and even into the 
air, befides caufing the fenfation of the fpi- 
der's web upon the face brought near it, 
like an electric ftrongly excited. The 
power of fome of my plates is fo ftrong, 
that fometimes the eledlric plate adheres to 
the metal, when this is lifted up ; nor will 
they feparate, even if the metal plate is 

fy furface of the wax. This feems analogous to the 
well-knowji property of glafs ; which is, that new cy- 
linders or globes, made for el«<Slrical purpofes, are 
often very bad eledlrics at firft, but that, they improve 
by being worked, /• e. by having their furfipi^e a little 
worn. Paper alfo has nearly the fame property. 

t I have lately feen fome of thofe plates, conftru^ed 
)>y Mr. G. Adams, which a£led exceedingly well; 
and they were made with a compofltion of two parts 
of fhell-lac, and one part of Venice turpentine, with- 
put any glafs plate. 

E 3 touched 
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tQUched with the fingQr> or ofher Cw- 

If, after laavipg excited the fealing-w^f 
I lay the plate with thq wax upon the t^hle* 
and the glafs uppeFmoH:, L ^. contrary to 
the commoQ naethpd^ thea^ on in^king thp 
i^fual experiment of putting the oxet^ pj^te 

ft 

on it, and taking the fpack^ $^c. I obferve 
it to be attended wit;h the contrary Elec- 
tricity; that is, if I lay the metal pja,le 
upon the e^cftric one, aad while io ih;^ 
fituation touch it with an infulated body* 
. that body acquires the poiitive Ele£l:ricity, 
ind the naetallic, removed froax the ele<5^riip 
plate, appears to be negative; whei:9a^ it 
would become pofitive if laid upon the ex^ 
git;ed ^yax• This expjeriment, I find, an- 
swers iR the fame roanaer, if ap el,e£tric 
pkte is ufed which ha5 thp fcalipg-wax 
coaling on both fides, or one of Mr. 
Adams's, which has no glafs plate. 

If the bra& plate, a&er being &parat£d 
from, be prefented with the edge toward 
the wax,, lightly toiiching it, and thijs be 
drawn over its furface, I fia^, thaf tjhe 

Electricity 
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Ele^icl^ of tfa& na,e^l i& abforbed b^ the 
foaling-^wa^ ami thus the eledric plat^ 
lofes part of its power; and if this epefa- 
tioQ i& repeated five or fix times^ the elec* 
trie plaie loies its power intirely» fo that 4 
new excitation is neceiTary in order to re- 
vive i^» 

If, i^jftead of laying the eledric plate 
upOB. the tabk» it i& placed upon an electric 
flaody fi> as to be accurately infulated^ thei> 
the metal plate &t on it acc^uires io little 
Electricity that it can only be difcovercd 
with aaeledronieter ; which fhews that the 
Ele^ricity of this plate will not be con- 
ipicuous on one fide of it, if the oppofite 
fide is not at liberty either to part withv 
ox acquire mo-i;e of the eled:ric fluid. la 
cpnfeq.uence of this experiment, and in or- 
der to afcertaia how the oppofite fides of 
the ele<9:ric plate would be affecfled in dif- 
ferent circumftances^ I made the following, 
experiments : 

Upon an eledtric fl:and E, fig. 9, Plate 
Ml. I pl^ed acirculai; tin plate,, nearly fix 
inehes in 4^ameter, whidi by a ilender 

E 4 wire 
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wire H communicated with an eleftrometer 
of pith-balls G, which was alfo infulated 
upon the eledric (land F, I then placed 
the excited eleftric plate D, of fix inches 
and a quarter in diameter, upon the tin 
plate, with the wax upperraoft, and on re- 
moving my hand from it, the eleftrome- 
ter G, which communicated with the tin 
plate, /. e. with the under fide of the eledlric 
plate, immediately opened with negative 
Electricity. If, by touching the eledlro- 
meter, I took that Eledlricity off, the elec- 
trometer did not afterwards diverge. But 
if now, or when the eledlrometer diverged, 
I prefented my hand open, or any other 
uninfulated Condudtor, at the diftance of 
about one or two inches, over the eledric 
plate, without touching it, then the pith- 
balls diverged ; or if they diverged before, 
came together, and immediately diverged 
again with pofitive Eledlricity ;— I removed 
the hand, and the balls came together ;— 
approached the hand, and they diverged 5 
and fo on. 

If, while the pith-balls diverged with ne^ 
gative Electricity, I laid the metal plate, 

2 holding 
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heading it by the extremity K of its glafe 
handle, upon the wax, the balls came, for 
a little time, towards one another, but 
foon opened again with the fame, /• e. ne«- 
gative Eledtricity. 

If, whilft the metallic refted upon the 
clecftric plate, I touched the former, the 
eledtrometer immediately diverged with 
pofitive Eledtricity, which r if, by touch- 
ing it, I took off, the ele<3:rometer con- 
tinued without divergence. — I touched 
the metal plate again, and the eledtrome- 
ter opened again ; and fo on for a con- 
liderable number of times, until the 
metal plate had acquired its full charge. 
On taking now the metal plate up, the 
eleiflrometer G inftantly diverged with 
ftrong negative Eledlricity^ 

I repeated the above-defcribed experi- 
ments with this only difference in the dif- 
pofition of the apparatus, /. e. I laid the 
eleSric plate D, with the excited fealing- 
wax, upon the circular tin plate, and the 
glafs uppermoft ; and the difference in their 
refult was, that where the Ele<ftricity had 

been 
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been pofitive in the former diipofition of 
the apparatusy it now became negative^ and 
'oice verfai except that^ when I firft laid 
the elecflric plate upon the tin> the elec* 
tromcter G diverged with negative Elec- 
tricity> as well in this as in the other dif* 
pofiidoD of the apparatus^ 

] repeated all the above'-meotionedexpcrit 
mefits wiih an eledtric plate, whicb> befides 
tbcieaUngrwax coating on one £de, bad a 
i{ro0g coat of varniib on the other £de; 
ajid their reiUh wa^ fiaular to that of thoiie 
made wHb th^e above^eicribed plate. 

/U to the explanation of thefe experi- 
ments,^ they feenx^ to depend upon thefe 
tvio well-known prLncigles, 'viz. that a 
body brought within the ^here of aftiott 
of an eledtrified body, does adlualfy acquire 
the contrary ElediricLty : and that the exiift- 
pnc^ of one kind of Ek<3:ricity upon the 
iiirface of a fubftance wiiatever, caufes the 
exiftence of the contrary Ekiftricity up.on 
i^m^ other ^bilance near it. 



CHAP. 
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Experiments on Colours. 

HAVING accidenully obfervcd that 
an eledtric fhpck^ fent over the fur- 
face pf a card>.n>*rlf:ed a black ftroke upoa 
a i:ed fpot Qf the ^arcjj I was fronj this in-» 
d^ced tQ try wh^iait ^yould be the cffcdt of 
f^adin^ (bogks over caf ds painted with dif-, 
ferent water-colours ;. ai? cordingly I paint- 
ed feveral cards with almoft every colour 
I ha^di, and fent; '(Jipcks.^ oyer them, w.bpn 
they were very dry ;. wtalyng ufe of the uni- 
verfal difcharger, fig. 5. Plate I. The ef- 
£b^s were as foUow;: 

Ve^miJion, was i»^k^4 witj|v a ftrong; 
blacl^ traf^k, ajl)04fjb oi^rtjenth of ao inchk 
wide. This ftroke is generally fingle, as 
repycfented hy AB, fig. 7,. of Plate I3J. ; 

Ifi is. dixid^d in tw» tpw^9 the 



* The force generally employed was the full charge 
of Q9e foot and a half of coated glafs. 

middle> 
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middle, like E F ; and fometimes, particu- 
larly when the wires are fet very diftant 
from one another, the ftroke is not con- 
tinued, but interrupted in the middle, like 
GH. It often, although not always, hap- 
pens, that the impreflion is marked ftrong- 
er at the extremity of that wire from which 
the ele£tric fluid ifTues, as it appears at E, 
fuppofing that the wire C communicates 
with the pofitive fide of the jar ; whereas 
the extremity of the ftroke, contiguous to 
the point of the wire D, is neither fo 
ftrongly marked, nor furrounds the wire fb 
much as the other extremity £• 

Carmine received a faint and flendcr im- 
preffion of a purple colour. 

Verdigrife was fhook off from the fur- 
face of the card, except when it had been 
mixed with ftrong gum-water, in which 
cafe it received a very faint impreflion. 

White lead was marked with a ftrong 
black ttack^ not fo broad as that on ver- 
milion« 

Red 
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Red lead was marked with a faint mark» 
much like carmine. 

The other colours I tried, were orpi- 
ment, gambodge, fap-green, red-ink, ul- 
tramarine, PrufSan blue, and a few others, 
which were compounds of the above 5 but 
they received no impreffion. 

It having been infinuated, that the ftrong 
black mark, which vermilion receives from 
the eledric fhock, might poflibly be owing 
to the great quantity of fulphur contained 
in that mineral, I was induced to make the 
following experiment : — I mixed together 
equal quantities of orpiment and flower 
of fulphur, and with this mixture, by the 
help, as ufual, of very diluted gUm-water, 
I painted a card; but the eledtric fhock 
fent over it left not the leaft impreflion. 

Defirous of carrying this invcftlgation on 
colours a little further, with > a particular 
view to determine fomething relative to the 
properties of lamp-black and oil *, I pro- 
cured 

♦ It has often been obfervcd, that when the light- 
ning has ftruck the mails of ihips^ it has paEed over 

fuch 
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cured Ibtne pieces of ptpet painted dri both 
fides with oil colours^ and fending the 
charge of two feet of coated glafs over each 
of thedi, by making the interruption of the 
circuit upon their furfaceS, I obferved that 
the pieces of paper painted with lamp-, 
blacky Pruffiah-blue, vermilion, and pur- 
ple brown, were torn by the explofion, but 
white lead, Naples yellow, Englifh ochre, 
and verdigrife remained unhurt. 

The fame (hock fcnt over a piece of pa- 
per painted very thickly with lamp-black 
and oil left not the leaft imprefiion. I fent 
the (hock alfo over a piece of paper un- 
equally painted with purple brown, and the 
paper was tofn where the paint laid very 
thin, but remained urthurt where the paint 
was evidently thicker. Thefe experiments 
I repeated feveral times, and with fome 
little variation, which naturally produced 

Aich parts of the mafts which were covered with 
lamp-black and tar, or painted with lamp-black and 
oil, without the leaft injury, at the fame time that it 
has (hivered the uncoaced parts, in fuch a manner as 
to render the mafts ufelefs. For a particular account 
of fuch faas, fee the Phil. Tranf. vol. XLVIII. and 
LXVIL 

o different 
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di^f ent effisds -, however, they mil ibem to 
poiat out dAe.foMowiQg propofitioo. 

I. A <:oat df oil paint, bvtr any fubftance^ 
ddfends it from the effeifts of fuch an elec^ 
trie fliock^ as would other wife injure it;, 
hut by no means defends it from any eko 
trie fliock whatever. I J, No one colour 
fcems preferable to the others, if they are 
-equal in fubd^ance, and equally . well nuxed 
with oil ; but a tKiek coating does certainly 
^'fibrd a hetter defence than a thinner one« 

w 

tf 

By rubbing the afbove-^fnentioned pieces 
of paper, I find that the paper painted with 
JoK^black and oil is more cafiLy excited, 
and acquires a fkronger Elcftricity, than 
the papers fainted with the other colours ; 
and perhaps on this account it may be, that 
lamp-black and oil might refift the fhock 
fomewhat better than the other paints. 

It is remarkable, that vermilion re- 
ceives the black impreilion, when painted 
y^ith linfeed-oil, nearly as well as when 
painted with ^water. The paper painted 
with white lead and oil, receives .alfb a 

black 
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black mark ; but its nature is very fingular» 
The tracks when firft made, is almofl: as 
dark as that marked on white lead» painted 
with water^ but it gradually lofes its black- 
nefs, and in about one hour's time (or 
longer^ if the paint is not fre(h) it appears 
without any darknefs ; and when the paint- 
ed paper is laid in a proper lights appears 
only marked with a colourlefs tracks as if 
made by a finger-nail. I fent the (hock 
alfo over a piece of board, which had been 
painted with white lead and oil about four 
years before, and the explofion marked the 
black track upon this alfo ; this track 
however was not fo ftrong, nor vanifhed 
fo foon as that marked upon the painted 
paper, but in about two days time it alio 
vani(hed intirely. 
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CHAP. VL 

Promifcuous Experiments^ 

OBferving that a ftrong fpark may bft 
obtained from the metal plate be- 
longing to Mr. Volta's machine, defcrib- 
ed in the fourth chapter of this Part, when 
hot the leaft fpark can be obtained from 
the eledtric plate itfelf, I was naturally iur 
duced to make ufe of the above-mentioned 
metallic platen to difcover the Eledlricity 
of very weak' eledlrics ; which otherwife 
would be either inobfervable, or fo fmall as 
not to permit its quality to be afcertained. 
Accordingly I conftrudred feveral fuch 
plates /of different fizes, beginning from 
that of a common metal button faftened 
upon a ftick of fealing-wax ; and by ufing 
them, I obtained a very fenfible Electricity 
from the hairs of my legs, when flroked, 
and of my head, or any part that I have 
tried of my body, or the head of almoft any 
other perfon. 

Vol. II. F In 
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In this manner I obtain fuch ftrong fparks 
from the back of a cat, a hare's ikin, a 
rabbit's fkin, a piece of flannel, or of pa- 
per, that I can presently charge a coated 
phial with either of thofe, and fo ftrongly, 
as to pierce a hole through a card with its 
difcharge* 

I have often obferved that, when ftrok- 
ing a cat with one hand, and holding it 
with the other, I feel frequent fmart prick- 
lings on different parts of that hand, which 
holds the animal. In thefe circun^flances 
very pungent fparks may be drawn from 
the tips of the ears of the cat. 

Smooth glafs rubbed with a rabbit^s ikuu 
dry and warm, acquires, I find, the negative 
Eleftricity ; but if the fkin is cold, thp 
gUfs is excited ppfitively. Sometimes 
fmooth glafs niay be excited negatively witfi 
new white flannel, clean and dry, and alfo 
with a hare's fkin. 

Obferving the ftrong eleftric power of 
new white flannel, I thought that a piece 
of it, rolled round the globe of an eledrical 

macjvne. 
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machine, would perhaps give a ftronger 
Elcdkricity to the prime Condudlor thaa , 
the glafs itfelf. In order to try the truth 
of my fuppofition, I tied a large piece of 
flannel, dry and warm, round the globe of 
the machine, and for a rubber, I* applied 
the palm of my hand ; then turned the 
winch, firft flowly, and afterwards brifldy; 
buti contrary to my expedtation, the Elec- 
tricity at the prime Condud:or, although 
pofitiv^, was fo weak, that the index of the 
qdadrant elcftrometer was not moved from 
its perpendicular fituation. Surprifed at 
this event,- 1 refolved to take off the appara- 
tus ; but I was more furprifed, when, on 
removing the flannel from the globe, the 
former appeared lb ftrongly poiitive, that it 
darted feveral fparks to my arm, and other 
contiguous bodies, and the latter remained 
fo fl:rongly negative, that the eledtromcter 
upon the prime ConduAor inftantly ele- 
vated its index to about /^^""^ This experi- 
ment being feveral times repeated, produced 
always the fame efFeft, 

Having had occafion to coat a ten ounce 
phial for the htyAtn experiment, I ftuck 

F 3 the 
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the brafs filings on the infide of it with 
varnifli, agreeable to the direftions given 
by fome writers on Eledlricity. This 
phial remained about a week unufed, but 
it happened that whilft I was charging and 
difcharging it for fome experiments, on 
making a difcharge, it exploded with a 
greater noife than ufual, the cork with 
the wire being at the fame time blown 
out of the neck of it. Being intent upon 
the main experiments in hand, I omitted to 
examine this phenomenon ; — I replaced 
the cork into the neck of the phial, and 
went on charging and difcharging it again ; 
but it had not been charged above three 
or four times more, when, on making a 
difcharge, the varnifli that ftuck the brafs 
filings was in a flame, which burnt the 
under fide of the cork, and occafioned a 

m 

good deal of fmoke and flame to come out 
of the phial. Some days after, this expe- 
riment was repeated in the prefence of three 
gentlemen, well verfed in Electricity, when 
the cork with the wire was alfo pufhed 
out of the neck of the phial ; but the var- 
nifh was this lafl time fo far burnt, that 
the brafs filings were almofl all dropped to 

the 
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the bottom of the phial, and had their co- 
lour changed by the combuftion. 

' In making fome experiments, of a nature 
rather different from Eledlricity, I acciden- 
tally obferved, that when I agitated fome 
quickfilver in a glafs tube, hermetically 
fcaled, and in whofe cavity the air was very 
much rarefied, the outfide of the tube ap- 
peared fenfibly eleftrified; its Elecftricity 
however was not conftant, nor, as I firft 
thought, in proportion to the agitation of 
the quickfilver. Being defirous of afcer- 
taining the properties of fuch tubes, I con- 
ftrudted feveral of them, and by means of 
two cork-ball eleftrometers, obferved their 
properties ; but as they all agree in regard 
to the chief .points, I (hall only defcribe 
one, which is the bcft of them. This 
tube is reprefented by fig. 3. of Plate IIL 
Its length is thirty-one inches, and its dia- 
meter is little lefs than half an inch. The 
quickfilver in it may be about three 
fourths of an ounce; and in order to ex- 
hauft it of air, I clofed it while the quick- 
filver was boiling in its oppofite end. 

F X Before 
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Before this tube is ufed, I make it a little 
warm, and clean it ; then holding it nearly 
horizontal, I let the quickfilver in it run 
from one end of the tube to the other, by 
gencly and alternately elevating and de- 
preffing its extremities. This operation 
immediately renders the outfide of the tube 
eledlrical, but with the following remark- 
able property, viz. that end of the tube, 
where the quickfilver actually ftands, is pp- 
fitive, and all the remaining part is nega- 
tive. If by elevating this pofitive end of 
the tube a little, I let the quickfilver run 
to the oppofite end, which was negative, 
then the former inftantly becomes nega- 
tive, and the latter pofitive. The pofitive 
end has always a ftronger Eledtricity than 
the negative. If when one end of the tube, 
for inftance A, is pofitive, /. e. when the 
quickfilver is in it, I do not take off that 
Elc6tricity by touching it; then on ele- 
vating this end A, fo as to let the quick- 
filver run to the oppofite end B, it appears 
negatively eledrified in a very fmall degree. 
If by depreffing it again it be rendered po- 
fitive a fecond time, and that pofitive Elec- 
tricity is neither taken off, then on elevat- 
ing 
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ing this end A again,, it appears to be pp- 
litive in a fraall degree : but if whilft it is 
pofitive, its Eledlricity be taken^ off, then 
on being elevated, it apjpeara ftrongly ne- 
gativ€# 

When about two inches of each extre- 
mity of this tube is coated with tin-foil as 
it appears in the figure, that coating aflifts 
to render the Eledlriciti'es at the extremities 
of the tube more corifpicuous, fc that fome- 
times they give fparks to a Conduftor 
brought near. 

In regard to the conftru6tion of fuch 
tubes^ (which I have made of feveral lengths, 
from nine to thirty«-one inches) it is ob<» 
fervable, that fome will a6: very well, 
while others will hardly acquire any Elec-p- 
tricrty at all, even when they ai?c made 
very hot» I am not yet thoroughly fatis^* 
£ed in refpedt to this difference, but fuf- 
pedt that the thicknefs of the glafs is more 
concerned, than any' thing elfe ; it appear- 
ing that a tube, whofe glafs is about one- 
twentieth of an inch thick, anfwers bet- 
ter than either a^ thicker or a thinner one. 

*F 4 The 
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The following Chapters contain the ac- 
count of fome experiments^ which J 
made fince the firfl: publication of this 
Book I for which reafon^ I deemed pro- 
per to relate them apart, without altering 
the preceding chapters, with the cop- 
tents of which they are howeyer coij- 
nedled. 

CHAP. VII. 

■ 

An Account of fome new Experiments in 
EleSiricity^ with the Defcription and VJh 
of two new EleSirical Injiruments. 

PRofeflbr Lichtenberg of Gottingen, 
fome time ago made an experiment 
upon the eledrophorus, an account of 
which was firft received in London towards 
the latter end of the year 1777. ^^ 
phenomena attending the experiment are 
very entertaining and various, but I do not 
know that any perfon ever offered a fatis- 
factory explanation of them. The author 
himfelf, in his paper entitled ** De nova 
methodo naturam ac motum fuidi eleSirici in^ 
^ffiigandi Comment at io prior 9' wherein he 

gives 
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gives an account of the experiment, does 
not attempt any explanation of it ; content- 
ing himfelf with the account only of vari- 
ous particulars attending it.-— In brief, the 
experiment is as follows : 

The eleftrophorus, that Is, a plate of 
fome refinous fubftance, as fulphur, rofin, 
gum-lac, &c. is firft excited, either by 
rubbing or otherwife ; then a piece of me-* 
tal of any fhape, at pleafure, as for in- 
ftance, a three-legged compafs, a piece of 
brafs tube, or the like, is fet upon the elec- 
trophorus, and to this piece of metal Co 
placed, a fpark is given, of the Eledricity 
contrary to that of the plate ; this done, 
the piece of metal is removed, by means 
of a fticlc of fealing-wax or other eledlric, 
and fome powder of rofin, kept in a linen 
bag, is £haken upon the eledtrophorus : this 
powder will be found to fall about thofe 
points upon the plate, which the piece of 
metal touched, forming fome radiated ap- 
pearances, much like the common repre- 
fentations of ftars ; at the fame time, upon 
the greateft part of the plate, that is, be- 
^des thofe ftars, there is hardly any powder 

at 
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at all. Now^ it is to be remarked, that if 
the plate Is excited negatively, and the fpark 
given to the metal fet upon it is pofitive, the 
appearance v^ill be as above-defcribed ; but 
if, on the contrary, the plate is poiitive and 
the fpark is negative, then the powder of 
rofin will be found to fall upon thofe parts of 
the plate which in the other cafe it left un- 
covered, and to leave the ftars clean y in 
fhort, it willdojuft the revcrfe of what it 
did in the other cafe ; or, in other words, 
the powder of rofin will be attracted by 
thofe parts only of the eledtrophprus which 
^re electrified pofitively, 

When I firfl: obferved thefe phenomena, 
I thought there was no apparent reafon why 
the powder of rofin (hould be attrafted by 
thofe parts of the eledlrophorus which arc 
pofitively elcftrified, and not by thofe which 
are negative. The two Eledlricities are 
certainly contrary to one another ; but 
cither of them attracts a non-cledtrificd 
body. Infifting upon this confiderltion, \ 
thought that the experiment could be 
explained only upon the fuppofition, that 
|he povv^der of rofin, on it§ falling from thcj 

linea 
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linen bag was adlually eledtrificd negative-^ 
ly ; in which cafe it would have been ealy 
to account for the phenomena upon the 
well-known principle of bodies contrarily 
elcdrified attracting each other, and re- 
pelling one another when poflefTed of the 
fame kind of Electricity^ 

In order to. ti'y the reality of my fuppo- 
fition by experiments, I infulated a brafs 
plate upon a glafs ftand, and connected a 
very fenfible eledtrometer with it; then 
began (haking the powder of rofin upon it, 
in the fame manner as I had done upon the 
eleCtrophorus, and in a few,feconds time 
had the pleafare to fee the eleCtrometer di- 
verge with a very manifeft degree of nega- 
tive Electricity, anfwering my expectations 
exactly. The explanation of the ingenious 
Profeffor Lichtenberg's experiment, 
now became very eafy and natural ; for the 
powder of rofin being aCtually eleCtrified 
negatively, could not be attracted, ex- 
cept by thofe parts of the eleClrophorus 
which are in a contrary ftate, /, e. electri- 
fied pofitively. It is obferved, that powder 
of rofin anfwers better for this experiment 

than 
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than the powders of other fubftances ; and 
accordingly I find that this powder, when 
fhaken upon the infulated brafs plate, (hews 
a ftronger degree of Eledricity than the 
other powders. Indeed the Electricity of 
the powder of rofin, not only when flbaken 
upon the brafs plate in the manner above- 
mentioned^ but fimply let fall upon it from 
a piece of paper, afpoon, &c. is very great; 
half an ounce of this powder being fufiici- 
ent, to let the threads of the eledtrometer 
diverge as much as they poflibly can. 

This difcovery not only affords an eafy 
explanation of Profeflbr Lichtenberg's 
experiment upon the eledtrophorus, but 
fliews a method of exciting powders, which 
has long been a defideratum in the fcience 
of Eledlricity. The method is as follows : 
— -Infulate a metal plate upon an eledlric 
ftand, and connedt with it a cork-ball 
eleftrometer ; then the powder required to 
be tried, being held in a (poon, or other 
thing, at about fix inches above the plate, 
is to be let fall gradually upon it. In this 
manner the Eleftricity acquired by the pow- 
der, being communicated to the metal 

platei 
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plate, and to the eled:rometer, is rendered 
manifeft by the divergence of the threads j 
and its quality may be afcertained in the 
ufual manner. See fig. the 4th of Plate IV. 

It muft be obferved, that if the powder 
is of a conducting nature, like the amal- 
gam of m^etals, fand, &c. it muft be held 
in fome eledric fubftance, as a glafs phial, 
a plate of fealing-wax, or the like. Some- 
times the fpoon that holds the powder may 
be infulated ; in which cafe, after the ex- 
periment, the fpoon will be found pofTefled 
of an Ele(ftricity contrary to that of the 
powder. 

In performing thefe experiments care 
muft be had to render the powders, and 
whatever they arc held in, as free from 
moifture as poflible; fometimes it being 
neceflary to make them very warm,, other- 
wife the experiment is apt to fail. The 
following are the particulars that I have 
obferved with this new method, which 
however are neither numerous, nor oftea 
repeated 5 but they may fuffice to excite 

the 
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tibe Guriofity of thofe perfons, who have 
Icifure and the opportunity of repeating 
them more at large and in a greater va-^ 
riety. 

Powder of rofin, whether it be let fall 
from paper, glafs, or a metal fpoon, elec- 
trifies the plate ftrongly negative ; the 
Ipoon, ifinfulated, remaining ftrongly po- 
fitive. Flower of fulphur produces the 
fame effeft, but in a little lefs degree. 
Pounded glafs, let fall from a piece of pa- 
per, made dry and warm, eledlrifies the 
plate negatively, but not in fo ftrong a de- 
gree as rofin. If it is let fall from a brafe 
cup, it eledlrifies the plate pofitively, but ia 
a very fmall degree. 

Steel-filings let fall cither from a glafs 
ivhial or paper, elcftrify the plate negative- 
ly ; but brafs-filings, treated in the fame 
manner, eledrify the plate pofitively. The 
amalgam of tin-foil and mercury, gun- 
powder, or very fine emery, eleftrify the 
plate negatively, when they are let fall upon 
it from a glafs phial. Quickfilvcr, from 

a glafs 
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a glafs phial^ ekiSrifics the plate pofi- 
tlvely. 

Soot from the chlniney^ or the aflies of 
common pit-coals mixed with fmall cin- 
ders, eledrify the plate negatively, whea 
let fell from a piece of paper. 

Defcription of the improved ^ atmojpberkai 

EleBrometer. 

Fig. the 2d of Plate IV. is a geomc- 
tfiGal reprefentation of my new atmo- 
fpherical eletSrometer, in its real fize;^ 
this inftrument, whofe firft hint I received 
from my friend T. Ronayne, Elq; after 
various trials, I brought to the prefent-ftate 
of perfcdtion, as long agaas the year 1777; 
and immediately after, feverai of them were 
made after my pattern by Mr. Adams, 
philofophical inftrument maker, in Fleet 
Street. The great difficulty attending the 
conftru6tion of this inftrument, has long dif- 
fiiaded my publifhing any defcription of it ; 
nor had I ever prefented the defcription of it 
to the Royal Society, if the obfervations of 
feverai x)f my friends, who have ufed it, in 
England and aiwoad,joined to my owq repeat •, 
cdexperiments, hadnotindifputablyconfirm-j 
7 ed 
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cd its fuperiority over any other inftruraent 
of that kind. Its particular advantages are : 
!• The fmallnefs of thefize * ; IL Its being 
always ready for experiments, without fear 
of entangling the threads, or having an 
equivocal refult by the fluggifhnefs of its 
motion ; III. Its being not difturbed by 
wind or rain ; IV. Its great fenfibility ; and 
V. Its keeping the communicated Eledri- 
city longer than any other Eleftrometer. 

The principal part of this inftrument is 
a glafs tube C D M N, cemented at the 
bottom into the wooden piece AB, by 
which part the inftrument is to be held 
when ufed for the atmofphere ; and it alfo 
ferves to fcrew the inftrument into its 
wooden cafe ABO, fig. I. when it is not 
to be ufed -f*. The upper part of the tube 
C D M N, is ftiaped tapering to a fmaller 
extremity, which is entirely covered with 
fealing-wax, melted by heat, and not dif- 

* Sometime ago I made one fo fmall, that its cafe 
which is of brafs, meafures only 3 \ inches in length 
and xq of an inch in diameter, and yet it a6ls exceed- 
ing well. 

t The whole cafe* of this cleflrometer has been, 
made alfo of brafs, and has been found to anfwer better 
than wood, as it does not warp« 

8 folved 
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fblved by fpirks. Into this tapeving parf 
a fisiafll tube is cemenfedi^ the lower extre-* 
mity G ef which being alfo eovefed with 
fes»>rng-*waXr projects a (hort way whhi!» 
the tube C I> M N. Into this fmaller 
tube a wite is cementedy which with ks' 
lower extremity touches- the flat pie^e of 
ivt^ry Hy faftened to th^ tube by means of 
cork : tfte upp^r ext^eroity of the wire 
pfjd^St^ ablaut a quat ter of an ineh^ ab6V6? 
thtf tib^ and fcre^s inlto' t!ie brafe capr 
R Fy wbich* cap iis open at the bottom, and^ 
{tnts tsr defend the waxed part o0 the in*- 
iVmment from^ the i'ain> &c« In fig. 3. 
a" fedttc^n of this brafe cap is reprefented^ 
in order to fheW sts internal fhapr^' atid the 
manner in which it is fcrewed to- th« wirt 
projecting above the tube L. The fmall 
tube Ly and the dpp€r e^^tredlity of ilhe 
large tube CD M Nv appe)ar like one con-" 
tinned picce^ on aeCoum of thfe iealing- 
wax; which covert theito both. The go-' 
meal cork« P of this- ele<arometer, which' 
by theit repulfiori fhew Ac EleS^idty^ &c. 
arfe aa finall a^ they^ can- ^ofiibljr' be naade^^ 
and? t&ey afe fufpended by ejcbeediflgjy Aa& 
Vol, II. G filver 
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filver wires ; thefe wires arc ftiaped in 
a ring at the top, by which they hang 
very loofely to the flat piece of ivory H, 
which has two holes for that purpofe. 
By this method of fufpcnfion, which is 
applicable to every fort of eledrometer, 
the friiSion is leflened almofl to nothing, 
and thence the inflrument is fenfible of a 
very fmall degree of Eledlricity. I M, and 
KN, are two narrow flips of tin-foil, 
fluck to the infide of the glafs C D M N, 
and communicating with the wooden bot- 
tom A B;— they ferve to convey oflf that 
Electricity, which, when the corks touch 
the glafs, is communicated to it, and being 
accumulated, might difl:urb the free motion 
of the corks. 

In regard to its ufe, this infl:rument may 

ferve to obferve the artificial, as well as the 

f 

atmofpherical Eledlricity. When it is to 
be ufed for artificial Eledlricity, this elec- 
trometer is fet upon a table or other con- 
venient fupport ; then it is eleftrified by 
touching the brafs cap E F with an eledlri- 
fied body, which Eleftricity will fome- 

times 
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times Be preferved for more than art hour * j 
in this ftate, if any eledtrified fubftance is 
brought near the cap E F, the corks of the 
eleftrometer, by their converging or diverg- 
ing more, v^rill (hew the fpecics of that 
body's Eledlricity* 

Before we proceed, it 1^ neceflary to re- 
mark, that to communicate any Eledricity 
to this eledrometer, by means of an ex- 
cited eledric, e. g. a piece of fealing-wax 
(which we fuppofe as always negatively 
eledlrified) is not very readily done in the 
ufual manner, becaufe of the cap E F being 
well rounded, and free from points or fharp 
edges. By the approach of the wax, the 
electrometer will be caufed to diverge ; but 
as foon as the wax is removed, the wkes 
immediately collapfe. The beft*method to 
eledlrlfy it, is to bring the excited wax fo 
near the cap, that one or both the corks 
may touch the fide of the bottle CDMN ; 
after which, they will foon collapfe and ap- 
pear uneledlrified ; if now the wax is re- 

♦ I once made an elearometer of this fort, which 
could continue to be eledrified for Aovq 12 hours, 
and that in a room without fire., 

G 2 mt)ved. 
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mov^d, thty will again diverges vA Femaio 
ekdtrificd poiitively. 

In this operation^ the wax docs not im- 
part any of its Eleiflricity to the eledro^ 
meter, but only ads by meant of its ^W 
mofphere, viz.. when the excited wax is firft 
brought near the brafs cap E F» (agreeable 
tp ibe well-known taw of BlcSricityf' 
and according to I>f. Franklin"^ hypo*^ 
thefis) it determines the elcdric ftnid 
naturally belonging to the corks, toward!;^ 
the cap \ honc^ the CQr4;LS repel each other. 
({0W9 if in ^i^ ftate they touch the fides oF 
tljie glafs C D M Ns they acquire from it a 
i|ttantity of eledric fluid equal to that 
which, by the adtion of the excited wax^ 
was driven towards the cap ; confequoKty 
they coilapfe, and appear unelec^ified. 
M)twith landing this. appearance, the cap 
is a^fcualiy overcharged; fi>that when the 
wa]»^is removed, the overplus of the eleftric 
fkiid, which the corks had acquired from 
the glafs and tin-foil ftuck upon it, and 
which was crowded upon the cap, becaiiie 
of the negative atmofphere of the wax, 
now diiFufcs itfelf eqiually through the cap^ 
6. the 
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the wires, the cdrks, &c. and therefore the 
corks repel each other with pofitive Elcc- 
tticityi 

If, inftcad of the fealing-wax ejrcited ne- 
gatively^ an cledlric poffefled of pofitive 
Ele(3;ricity be ufed, the eleftrometer ac- 
quires the negative Eledricity, and the ex- 
planation, mutatis niutdndu^ is the fathe as 
Abdve. 

By confidering this femark it wilt dp- 
pear, that when this eleftrometer is eledri- 
fied either pdfitively or negatively, and an 
clefltrified body te brought towards the 
bfafs cap, the Electricity of that body will 
be df the farfid kind with that of the elec- 
ti'omefcr if the corks iricreafe their diver- 
gency ; but it will be of the contrary kind 
if" the corks approacli one another. 

. When this ihffrumertt is to be ufed to 
try the Eleftricity of the fogs, the aif, the 
clouds, &c. the obferver is to do nothing 
more than to unfcrew it froni its cafe, and, 
holding it^ by (he bottom A B, to pfefeht it 
to the opeA air, » Kttle above \m he^ady fo^ 

G 3 that 



86 ^Complete Treatise 

that he may conveniently fee the corks P, 
which will immediately diverge if there is 
any fufficient quantity of Eledlricity ; whofe 
nature, /. e. whether pofitive or negative, 
may be afcertained by bringing an excited 
piece of fealing-wax, or other cledlric, 
towards the brafs cap EF. 

It is perhaps unnecefTary to remark, that 
this obfervation muft be made in an open 
place, as the roads out of town, the fields, 
the top of a houfe, &c. 

In the roads between Iflington and Lon-^ 
don, I have often made ufe of this inftru- 
ment : by which I have confirmed the ob- 
fervations of Thomas Ronayne, Efq; 
who firft difcovered the Eledtricity of the 
fogs, as teftified by a paper of his publifhed 
in the Phil. Tranfadions ; and who has re- 
marked, that a fog is very rarely not elec- 
trified, but in frpfty weather the air is con-^ 
ftantly eledlrified. 

Promifcuous Experiments. 

Having had frequent occafion to obferve 

how difficult it is to deprive fealing-wax 

4 of 
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of its Eledricity entirely, after it has been 
well excited, I had the curiofity 'to try 
whether water could efFe<5l it ; in order to 
that, I tied a (lick of fealing-wax to a 
filk ftring, about a yard long, and after 
having excited it very powerfully with flan- 
nel, I plunged it in a tin veflfel full of wa- 
ter, and immediately drawing it out, 
brought a very fenfible eledlrometer near it, 
and obferved, that at firft it (hewed no fign 
of Eledricity, but in about half a minute's 
time it manifefted a fmall, but very (enfible 
degree of negative Eledricity. A gla(s 
tube treated in the fame manner, was de- 
prived of all its Eledlricity by the water. 

I have often remarked, that after having 
excited a glafs tube with the amalgamed 
rubber, in the ufual manner, the part of it 
which had been under my hand was nega- 
tive. This minus (iate was ftill more con* 
fpicuous, when I grafped with my hand 
the part next above, 'viz. part of that 
which had been excited pofitively by rub- 
bing. In the fame manner, when I excite 
a (tick of fealing-wax by rubbing it with 
flannel, I often find, that the part of it 

Q 4 which 
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which I had held with my hand wais in a 
contrary ftate of Elcdricity, viz. poiitive. 

Being dcfirous of trying the conducting 
powisr of the e^i^via of burning bodies^ in 
% manner more fatisfadory than it had 
hitherto been done, I contrived an inftra^ 
ment for that purpofe, which is repre-*- 
iented in fig. 5 *. The handle of it, A Bt 
)S ^ glafs tube^ into the extremity 3 of 
which, ^ wire ^ I, iind a fmaller gl^s' 
tube B C, arc cemented by meana r£ ieal-v 
ipg-wsiy. From the ei^tremity of thi« 
fm^U tube, another wire G F proceedsi 
whichj as we}) as th^ wire ^ I, is bent a( 
top, fo that the extremities of both wires 
£ F ^Vj he a^bo^t Qne*rtei^(h of an inch 
from one another* GH is a fmall wire, 
fgf|@n^ to the wife F Qs and to the eytr^r 
mity of the h4n4l?> fO that when the in^ 
llrumeiait is hel4 »a ene's hwid, this wire 
touches thf b^nc)* Kr is a fc^a)! cprk-rbatl 
ele^ropieter, which^ wh^n the inftrun>ent 
is ^0 he ufed, is ^Si»^^ to tb? pi« 0, which 
pfoceeds from the wire I E. When cx^ 

^ Tkis %• is hstf t^ real fise of ike inftvumeiit. 

periments 
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pcriments are to be tried with this inftru- 
ment, the electrometer K muft be affixed to 
the pin D^ and mufl be electrified fb as the 
cork- balls may- diverge as far as poffible : 
this done, the extremities E F of the wires 
are brought within the effluvia that arc to 
be tried, which, if they are of a good con- 
ducting nature, will complete the comma- 
Dication between the two wires E F, and 
difcharge the cIe6lrometcr of its Electri- 
city 5 otberwiic the electrometer will re- 
main electrified for a confiderable time. 
The experiments which I made with this 
inftrument are neither numerous^ nor Co 
often repeated as to be depended upon ; 
excepting one only, which perhaps it will 
not be ufelefs to mention : I found that 
the fumes arifing by the adion of a lens 
from the amalgam of tin-foil and mercury, 
conducted fo badly, that the electrometer 
loft its Electricity in 'a time very little lefs 
than is required without any fumes what- 

«VCf. 
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CHAP. VIII. 

'Experiments concerning the EffeSls ofEkSlri" 

city in Vacuo. 

BEFORE we begin with the narration 
of the experiments made with a view 
of afcertaining the efFedts of Electricity in 
vacooi it will be proper to mention the ftate 
of knowledge relating to eleftric attradlioii 
and repulfion, condudting power, and the 
appearance of eleftric light in vacuo. 

The inquifitive Mr. Boyle, towards the 
latter end of the laft century, obferved, that 
excited eledtrics would attraft in the vacuum 
of his air-pump ; in confequence of which 
he concluded that the prefence or abfence 
cf air did not interfere with eledlric attrac- 
tion. In the beginning of the prefent cen- 
tury Mr. Grey repeated Mr. Boyle's ex- 
periments, and, like him, found that elec- 
trics would attrad: at nearly the fame dif- 
tance in vacuo as in air. He likewife 
made fome other experiments in vacuo, 

concerning 
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concerning eleftric attraftion and repulfiont 
from which the fame deduftions could be 
inferred. After Mr. Grey divers other 
ingenious perfbns repeated fuch-like expe- 
riments, and came to very nearly the fame 
conclufion; but F. Beccaria feems to 
have been the firft perfon who afferted, that 
in a perfeift vacuum there is no eleftric at- 
tra<5fcion> and his aflertion is certainly true. ' 

As for the eledlrlc light in vacuo, nume- 
rous obfervations concerning its difFufibility 
and various (hades of its colours in a moderate 
degree of exhauftion have been made with 
fufficient accuracy by Mr. Hauksbee, 
Mr. du Fay, Abbe Nollet, F. Becca- 
ria, and others, who likewife obferved that 
the vacuum was a conductor of ele6lricity ; 
but it is related by Dr. Priestley, in his 
firft volume of experiments and obferva- 
tions on different forts of permanently elec- 
tric fluids, that Mr. Walsh, afliftcd by 
Mr. de Luc, having made a double, ba- 
rometer, in which the quickfilver had been 
accurately boiled fo as to expel all the air 
from the tube, found that the vacuum in 
the arched part of this double barometer 

was 
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was not a conduAor of Elcftricity, nor any 
cleftric light could be fcen in it* This 
remarkable difcovery was lately confirmed 
by fome ingenious experiments of Mr. 
Morgan, defcribed in the 75th vol. of the 
Phil. Tranf. ; butmy experiments, which tro 
related in this chapter, were made not with 
a torricellian vacuum, but with an excellent 
air*pumpi viz. that recommended in tht 
preceding part of this work *• 

Experiment L 

In a glafs receiver, of fix inches diameter 
and nine inches in height, having a braft 
cap, a brafs wire of tV of an inch in diameter 
was fixed to its cap, and proceeding through 
the middle of the receiver, its lower extre* 
mity was five inches diflant from the aper^*- 
ture of the receiver, and of courfe of the 
plate of the air-pump, when the receiver 
was placed upon it* A fine linen thread 
was faflened towards the top of the wire, and 
about four inches of it hanged freely along 
IJbe brafs wire, and almoA: in con tad with it; 

* An account ti tboTe experimeifts was read at tBe 
Rcya} Society in November I7f4. 

The 



The extremity of the wire, which pafling 
thrgugh the brais cap projed:cd out of the 
receiver, was furnifhed with a ball. Thw 
prepared, the receiver was placed upon the 
plate of the pompj^ without any leather, or 
aQj thing elfe befides a Uttle (h1 on it3 out-* 
fide edge, which muil be always underflood 
im all the other experinoents related in the 
cQurfe of this chapter^ Then the exhmift*^ 
ioft was comi^aeocedj and at incervalls feme 
Ele^ricity was coflKnuflkated, either by die 
approach of the Conidudoref an eIe<^ricaloDia«« 
dboDe, or theknobof achargedjar^ to the brais* 
ball of the wire, in order to obferve theilrength 
of the cepuliioa of the thread from the wire ia 
di^ent degrees of rarefadtion^ which de* 
grees were afeertained by the ftort baro.«- 
isyetricaj gage. Proceeding in this maimer^ 
11 was obferved, that till the rarefaction did 
not exceed one hundred^ ^to wit» till the 
air remaining within the receiver was not 
lei^ than the hundredth part of the original 
qjiantity, whenever the Eledricity was coiEb« 
xxuviicated to tke bxafs ball, tht, thread find 
adhered to the wire^ and then was repeUexf 
by it,; thaugh this repulfion became finaijier 
and iinaller, according' as, the; exhauftioAi 

came 
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came nearer to the above-mentioned degree. 
The clinging of the thread to the wire firft, 
was becaufe, being dry, it required fometimc 
before it acquired a fufficient quantity of 
Eledlricity from the wire, and confequently 
it was not immediately repelled. When the 
air within the receiver was cxhaufted above 
one hundred times, the thread was not firft 
attracted and then repelled as before, but 
only vibrated a little backwards and for- 
wards, and then remained in the fituation in 
which it flood when Eledricity was not con- 
cerned. By exhaufting the receiver ftill 
farther, the vibration of the thread when 
dedtrified was gradually diminifhed ; fo that 
when the degree of rarefaction was above 
five hundred, fparks and the difcharge of a 
jar only made the thread vibrate in a man- 
ner juft fenfible ; biit this vibration, however 
fmall, did never become quite infenfible, 
even when the receiver was exhaufted to the 
utmoft power of the pump, which was very 
near one thoufand. After this the air was gra- 
dually admitted into the receiver, and at va- 
rious intervals the ball of the brafs wire was 
eledtrified, in order to obferve whether the 
fame phenomena appeared at the different 
degrees 
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degrees of exhauftion as had done before- 
and they were found to agree with fufficicnt 
exaflnefs. 

Experiment II. 

The brafs wire within the fame glafs re- 
ceiver was made very fhort, and from its ex- 
tremity, a fine linen thread, fix inches long, 
was fufpended ; and upon the plate of the 
pdmp a fmall brafs fland with a brafs pillar 
was placed ; fo that when the receiver was 
put upon the plate, and over the brafs (land, 
about one inch length of the thread flood 
parallel to, and at various required diftances 
from, the brafs pillar *. In this difpofition 
of the apparatus, whenever any the leaft 
quantity of Electricity was communicated 
to the knob of the brafs wire, the thread was 
immediately attrafted by the brafs pillar, and ' 
adhered to it fome time, becaufe, being dry, 
it did not immediately part with the acquired 
Electricity. At various degrees of exhauftion, 
_the eleftricity being communicated to the 
brafs ball of the wire, it was found, that the 

* This diftance was altered by turning the brafs wire 
which paflfed through a collar of leather in the brafs 
cap of the receiver. 

thread 
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tfiread was alwajs attra(9cd by tke brafir 
piUar^ though from a greater or left drftancc^ 
according as a greater or lefs quantity c^ air 
remained within the receiver. Thus when 
the air was rarefied about one hundred times, 
the thread was attracted from about one 
inch > when the air was rarefied two hun^ 
dred times» it was attraded from: about ^q£ 
an inch i when the air was rarefied three 
hundred tinxes^ it was. att^ad:ed from about 
^V; ^Qd after tbi& it was always attraded! 
from about one twentieth^ even when the aic 
within the receiver was rarefied about one 
thouiand times. It is remarkable, that wbea 
the air in the receiver is rarefied about three 
hundred times, if a jar is difcharged through 
the. vacuum,, by touching its kiiob with the 
ball of the wice on the receiver, the thread 
is not in confequence of it attraded by the 
brais pillar ; the reafon of which ieems to 
be, becaufe that large quantity of Elcdricity 
opens at once a way through tne vacuum^i 
and paffcs through every part of it ; where- 
as a fmall quantity of Elcdricity, even thct 
adion of a fmall eledrical machine in the 
iamc room> at no very great diftance from the 

apparatus^ 
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apparatus, will caufc the thread being at- 
traAed by the brafs pillar. 

Experiment III. 

r 

The brafs (land, with the pillar, and the 
thread which proceeded from the wire, being 
removed from under the receiver, a very fen- 
iible ele(ftrometer was failened, inftead of tho 
thread, to the extremity of the brafs wire. 
This ele£lrometer confifted of two very fine 
£lver wires, each about one inch long^ and 
having a fmall cone of cork at its extremi- 
ty. The fenfibility of fiich an cleftrometer 
is really furpriiing ; for even the Ele<9:ricity 
of a fingle hair excited, docs fenfibly affeft 
it ; and, as its fufpenfion is almofl without 
any fridion or other impediment, it never 
deceives one by appearing to be eledlrified 
when in reality it is not fb. With this 
preparation, the receiver being placed upon 
the plate of the aic-pump, the air was gra- 
dually exhauiled, and at intervals fbme 
Eledricity was communicated to the ball 
on the outiide of the receiver, either by an 
excited electric or by a charged jar, and it 
was found that the corks of the eledtrome- 

Vol*. 11. H tcr 
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ter were always made to diverge by it, eveil' 
when the air was exhaufted as much as- 
foffible. Indeed their divergency was fmall- 
er and fmaller, arid laded a (horter time, 
according as the air was more exhaufted, but 
it was vifible to the laft. . 

In this experiment, analogous to what has 
been obferved in the preceding, when the 
air was exhaufted above three hundred 
times, if a jar was difcharged through the 
vacuum, or a ftrong fpark was given to the 
knob on the top of the receiver, the corks of 
the electrometer diverged very little indeed, 
and but for an inftant; whereas a fmall 
quantity of Eleftricity made them diverge 
more, and remain much longer in thatftate. 

Itfeemsdeducible from thofc experiments, 
that eleftric attra(Sion and repulfion t^kc 
place in every degree of rarefaftion, from 
the loweft to about one thoufand, but that 
the power diminifhes, in proportion as the 
air is more and more rarefied s and by fol- 
lowing the low, we may perhaps conclude 
with F. Beccaria, that there is no elec- 
tric attradtion nor repulfion in a perfe6t va- 

5 cuum : 
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tuum : though this will perhaps be Impof- 
iible to be verified experimentally, becaufe 
wheii in an exhaufted receiver no attraction 
or repulfion is obferved between bodies to 
which Eleftricity is conimunicated, it will 
be only fufpefted, that thofe bodies are not 
fufficiently fmall and light. But if we conr- 
fult reafon, and which alone ought to aflift 
us when decifive experiments are not prac- 
ticable, it feems likely that eleilfic attrac- 
tion and repulfion cannot take place in a 
perfedt vacuum, by which I only mean a 
perfe^ abfence of air ; becaufe either this 
vacuum is a Conduftor or a Non-conduftor 
of Electricity. If a Conductor, and as much 
nearer to perfection as it becomes more free 
from air, it muft be a perfeCt Conductor at 
the fame time that it becomes a perfeCt va- 
cuum, in which cafe cleCtric attraction or 
repulfion cannot take place amongft bodies 
inclofed in it 5 for, according to every notion. 
We have of EleCtricity, thofe motions indi- 
cate or are the confequence of the intervene 
ing fpace in fome meafure obftruCting the 
free paflage of the eleCtric* fluid. And if 
the perfect vacuum is a perfed Npn-conduc- 
tor, then neither eleCtric attraction nor re- 
pulfion can happen in it» 
^ ' ^ - H 2 ExPK- 
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ExtERlME»T IV. 

tn my former experiments having alvrayl 

obferved the eledric light in the receiver of 

the air-pump^ even when the air was rare* 

^ed to the utmo(^ power of that machine^ 

I thought proper to repeat that experiment 

with receivers of various fizes ; and accord* 

ingly have ufed receivers of above two feet 

in height^ and fome of as large a diameter ag 

the plate of the pump could admits which 

is about fourteen inches^ but the light in it 

was always vifible^ only with different co* 

lours in diflferent degrees of cxhauftion^ and 

always more diffufed and at the fame time 

lefs denfe when the air was more rarefied^ 

which feems to render probable^ that^ whea 

the air is i^uite removed from any fpace^ the 

eleAric light is no longer vifible in it^ as it 

muft have been the cafe with the experiment 

of Mr. Walsh's double barometer; for it 

is a maxim very well edablifhed in Bledri* 

city, that the eledric light is only vifible 

when the eledric fluid, in pafling from one 

body to another, meets with ibme oppofitioa 

in its way i and according to this propofi<« 

tioni when the air is entirely removed from a 

given 
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given receiver, the eledkric fluid pafling 
through that receiver cannot (hew any light, 
becaufe it meets with no oppofition ; but 
this will not account for the receiver ever 
becoming a Non-conduAor. 

Having juft mentioned, that according as 
the air is more and more rarefied in a receiver, 
fo the eledlric light becomes gradually more 
faint, it will be proper to add, that the elec«- 
tric light is more diffufed and lefs bright in 
an exhaufted receiver than in air : thus, when 
the receiver is not exhaufted, the difcharge ' 
of a jar through fome part of it will appear 
like a fmall globule exceedingly bright, but 
when the receiver is exhaufted, the difcharge 
of the fame jar will fill the whole receiver 
with a very faint light; whereas fome per- 
fons, by feeing the whole receiver illuminated, 
are apt to fay that the light of EleAricity is 
rendered ftronger and greater by the ex- 
Jiauflion, 

EXPEIIIMENT V. 

It is mentioned by Mr. Nairne!, in the 

67th vol. of the Pbilof. Tranf. that having 

H 3 put 
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put a piece of leather, juft as it comes from 
the leather-fellers, into the receiver of an air- 
pump, and afterwards having rarefied the air 
in it one hundred and forty-eight times, the 
eledtric light appeared very faint in it; 
whereas, without the leather, and even when 
the air was much more rarefied, the light of 
the eledric fluid, when made to pafs through 
the receiver, was much more apparent. In 
confequence of this obfervation, I fufpe<9;« 
^ed that a little moifture in the receiver, 
or fome other effluvia of fubilances, might 
perhaps prevent the appearance of .the elec- 
tric light in rarefied air, and with this view 
-1 began to put various fubftances fuccefilvely 
into the receiver, and after rarefying the air 
by Working the pump, fome electric fluid 
was made to pafs through the receiver* 

When a piece of moift leather was put 
into the receiver the air could not be rarefied 
above one hundred times, and the eledlric 
light appeared divided into a great many 
branches ; though at the fame time another 
fort of faint light filled up the whole cavity 
of the receiver. 

When a linen rag, moifl:ened with a mix- 
ture 
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tore of (pirit of wine and water, was put into 
the receiver, the pump could not exhauft 
above forty times, and the light of Eleftri- 
city appeared divided into many branches. 

A wine-glafs full of olive oil placed under 
the receiver, prevented very little the ex- 
hauftion of the pump, the air being rarefied 
above four hundred times. * The eledtric 
light appeared exactly as it ufually does in 
the fame, degree of rarefaction when no oil 
is under the receiver, viz. a uniform faint 
light inclining to purple or red. 

Concentrated vitriolic acid placed in a 
glafs under the receiver, produced no parti- 
cular effeA. As for the other mineral acids, 
they were not tried, becaufe, being volatile, 
they would have damaged the pump. 

Dry folids, that had a confiderable fmell, 
as fulphur, aromatic woods previoufly made 
very dry, and fome refins, produced no par- 
ticular effedt, any more than fome of them 
prevented. a very great degree of exhauftion, 
owing to fome moifture which ftill ad- 
hered to them. 

H 4 From 
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From thcfc experiments it appears, firft, 
that in the utmoft rarefadlion that can be 
cfFeftedby the heft air-puipp, which amounts 
to about one thoufand, both the ele<5tric light 
and the electric attradlion/thoughvery weak, 
areflill obfervable; but, fecondly, that the at* 
tradtion and repulfion of Eledtricity become 
weaker in proportion as the air is more ra- 
refied, and in the fame manner the intcnfity 
of the h'ght is gradually diminiftied. Now 
by reafoning on this analogy we may con- 
clude, that both the attraction and the light 
will ceafe in a perfecft abfence of air ; but 
this will never account for this perfed: vacu- 
um ever becoming a Non-condu(ftorof Elec- 
tricity ; for fince the elcdlric fluid is very 
elaftic, and expands itfelf with more and more 
freedom in proportion as the refift^nce of the 
air is removed, it feems unnatural that it (hould 
be incapable of pervading a perfed: vacuum : 
however, the fadt feems to be fully afcertain- 
cd by Mr. Walsh and Mr. Morgan, 
and the only thing that remains to be done 
is to inveftigate the caufe of fo remarkable 
a property. 
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PARTY. 

THE PRACTICE OF MEDICAL 

ELECTRICITY. 



CHAP. I. 

General Remarks relating to Medical 

EIe(fricity. 

THE wonderful effcfts of that un- 
known caufe generally named Elec- 
tricity, foon after the difcovery of the 
^ledlrical machines, were applied as a re- 
medy for various diforders incident to the 
human body. The firft hints of this ap- 
plication, feem to have been fuggefted by 
obferving the effedls produced upon thofe 
perfons that were eledtrificd for curiofity; 
who being generally afraid of that extraor- 
dinary power, attributed entirely to it all 
thofe effcAs, which might in great meafure 
have been attributed to fear and apprehen- 
fion : fuch were an increaied perfpiration, 
heat, increafe of pulfation, &c. The num- 
ber of patients that were eledlrified at that 
time is prodigious, and the pretended cures 

7 ciFeftcd 
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cfFcftcd by it were wonderful indeed. Ac- 
counts of thofe miracles performed by Elec- 
tricity, were publiflied in various parts of 
Europe, together with the methods of elec- 
trifiying the patients ; to which were added, 
fuch theories as, allowance being made for 
the infancy of Electricity at that time, would 
feem impoflible ever to have been propofed 
to the public. Thofe theories were ufually 
enforced by the account of experiments, 
which often proved falfe upon exaniination*. 
Indeed, if electrical machines could not be 
procured at prefent, we could hardly enter- 
tain any doubt concerning the veracity of 
thofe accounts, which had all the appearance 
of authenticity. But at prefent a much 
better acquaintance with the fciencp of Elec- 
tricity, than philofophers had about thirty 
or forty years ago, and lefs faith in the ac- 
counts of the generality of thofe perfons^ 
whofe intereft it is to promote the ufe of 
Electricity in 'medicine ; has pointed out 
the effects of that power upon the human 
body, in various circumllances, and has 

♦ The medicated cylinders for cleftrical machines, 
are a remarkable inftance of this kind. See Dr. 
Priestley's Hiftory of Electricity. 

fhewn 
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£hcwn how far we may confide in it; efta- 
bliftiing, upon inidifputable fadts, th^t the 
power of Eledtricity is neither that admi- 
rable panacea it was confidered by fbmc 
fanatical'and interefted perfons, nor fo ufelefs 
on application as others have aflerted ; but 
that, when properly managed, it is aa 
harmlefs remedy, which fomctimes inftan- 
taneoufly removes divers complaints, gene- 
rally relieves, and often perfedly cures va- 
rious diforders, fome of which could not be 
removed by the utmoft endeavours of phy- 
licians and furgeons. 

When the firft rumour occafioned in Eu« 
rope by the accounts of pretended, and of a 
few real wonders, performed by means of 
Eledtricity, had in fome meafure fubfided, 
many creditable and experienced phyficians, 
who, juftly confidering it as their duty, had 
undertaken to examine the power of this 
liew remedy, publifhed fome unfuccefsful 
^applications of Ele<5tricity in divers difeafes; 
in which cafes, they had not only prefcribed 
thei eledtrizttion, but the operation had 
been performed either by themfelves, or 
under their infpedion. Thefc publications 

gave 
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gave a new turn to the reputation of medi- 
cal EleAricity i and fince that time^ the 
|;en^rality of phyficians and furgeons had 
not the lead regard for its medical ap-> 
pli;:ation ; fo that the practitioners of it 
were rather confidered as fanatics and 
impoflors. However^ an attentive exami- 
nation of this fubjed^ after feveral trials^ and 
after overcoming in great meafure the rooted 
prejudice amongft phyiicians^ began to efta- 
blifh anew the reputation of medical Elec-? 
tricity ; and (hewed that many applications 
of Electricity, publifhed in the above-men«* 
tiooed accounts, had proved unfuccefsful, 
becayfe th^ operation was not managed 
properly ; fo that it had been the abufe, and 
hot the ufe of Electricity, that had proved 
unfuccefsful, and in ibme cafes even detri- 
mental ; for at that tithe, flrong (hocks and 
ftrong fparks were generally adminidered, 
which a long feries of experiments and' 
obfervations has proved to be generally 
ufelefs or hurtful. Mr. Lovet, who pracT 
tifed medical Eledtricity for a long time, 
was, as far as I know, the firft who protefted 
againft the ufe of ftrong (hocks \ and in an 
cflayofhis, intituled, Subtil Medium proved, 

afTerts, 
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iffcrts, that the (hocks to be ufed in medical 
Eledricity ftiould be very fmall ; by which 
treatment he hardly ever failed of curing, 
or at leaft relieving his patients. 

Eleftricity, different from other phyfical 
applications, requires rather a nicety of ope- 
ration than a thorough knowledge of the 
difeafei That it is poflible to apply Elec* 
Iricity properly, without a juft knowledge 
of the diforder, may feem a paradox ; but 
it will be prefently ihewn; that to eledtrify 
a found part of the body together with the 
difeafed one, is by no means prejudicial, 
and that the degree of eleftrization muft 
be regulated rather by the feeling of the 
patient, than by the fpecies of diforder; 
from whence it muft follow, that the ap- 
plication of medical Eleiflricity may be 
properly managed even with a fuperficial 
knowledge of the diforder. It muft, howe- 
ver, be confeffed, that farther experience 
may poflibly ftiew much ealier and more 
certain methods of applying it differently 
for different difeafes i and therefore it is 
more likely that medical Eledlricity will 
receive improvements in the hands of flcilfu! 
phyficians 
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phyficians or furgeons^ than when managed 
by ignorant perfons, whofe fucccis is en-* 
tirely trufted to chance. 

The fuperiorlty of Electricity over other 
remedies, in many cafes> may appear from 
confidering, that medicines in general can« 
not always be confined to a particular part 
of the body, and to let them pafs through 
other plrts is often dangerous, for which 
reafon they cannot be ufed i befides, after 
that thofe medicines have exerted theif 
required power, they are with great difii« 
culty, if at all, feparated from the body« 
But it is of no confequence whether the 
power of Eleftricity pafles through this or 
that other part of the body in order to come 
at the feat of the difeafe ; and after having 
exerted its action, it is inflantly difperfed : 
hence it appears why Electricity has often 
cured fuch obftinate diforders as have not 
yielded to any other treatment. 

Having in- the ninth Chapter of Part L 
given a fummary view of the theory of 
Eiedtricity, I (hall here only mention a 
few hints, which may promote the invefti* 

gation 
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g2ition of the aftion of the ekdric fluid, 
efpecially relating to its chymical aftion; 
viz. if it adds any principle to thofe parts 
through which it pafles, as an acid, an al- 
kali, the inflammable principle, &c. — The 
obfervations relating to this point are, firft, 
that when any part of the body has been 
cxpofed to the ftream of electric fluid, it ac- 
quires a fulphufous, or rather a phofphoric 
fmell, which it retains for a coniiderable 
time. Secondly, when the ftream of elec- 
tric fluid, iflfuing from a point, is directed 
towards the palate, a kind of acid tafte is 
perceived. Now this fmell and tafte indi- 
cate, that the eleftric fluid either alters the 
parts of the body, upon which it excites 
thofe fenfations, or that it carries along with 
itfelf Ibme other principle, which may per- 
haps be feparated from thofe fubftances, 
through which this fluid paflfes, previous to 
its impinging upon the body,— Whether 
thofe efFedts may bd increafed, diminifhed, 
or turned to any ufe, and alfo whether they 
are quite indifferent with refpedt to medical 
Eleftricity, are matters that require farther 
experiments and confiderations ; for nothing 
certain has been yet determined refpcding 

them. 

In. 
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In various experiments^ when the elediic 
ipark is taken in air^ or other fluids^ efpecinr 
ally the tinfture of certain flowers^ it (hews 
efFeifls fimilar to thofe^ which the inflam-- 
mable principle, or an acid, produces upon 
thofe fluids ^. Thefe experiments have in- 
duced various perfbns to fuppofe, that the 
dedric fluid is phlogifton, or an acid, or 
elfe a compound of both; But, confidering 
that in thofe cafes the acftion of the eledric 
fluid as an acid, or as phlogiflon, is exceed- 
ingly fmallj and alfo confidering the vio<^ 
lence with which it pafies through the fub- 
fiance of bodies, the furface of which it 
generally burns or melts in a fmall degree % 
it feems more natural to fufpedt, that the 
above-mentioned efFedls are produced by 
that quantity of inflammable or acid prin*^ 
ciple, which the violent pafTage and efcape 
of the eledtric fluid detaches from other 
bodies, rather than to confider the eledtric 
fluid itfelf to be an acid, or the inflammable 
principle ; which feems to be very unlikely 
on various other accounts befides^ 

* See the laft four experiments of the Third Part. 

A bool^ 
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A book entitled De VeleSiricite du Corps 
iumain, dans tetat defantS et de maladie^ par 
VAbbi Bertholony was publifhed a few years 
ago in France. In this work, the author, 
confidering the ufual Eledtricity of the atino- 
fphere, imagines that the human body con- 
tinually abfdrbs that Eledtricity of the air, 
and that this abforption is made through 
the pores of the fkin, as well as through 
the lungs in the ufual zQi of reipiration ; 
and, as the quantity of air which enters 

, into the lungs of a man in the courfe of one 
day, is by the author eftimated to about 
1,152,000 cubic inches, he thence deduces, 
that the quantity of Electricity thus ab- 
forbed by the human body is aftonifhingly 
great. The author fucceflively examines 
the influence of this abforbed Eleftricity 
upon the fundlions of the body, wz. upon 

. mufcular motion, upon the circulation of 
the blood, upon refpiration, digeflion, 
fecretions, and even upon the morals of 

men. He alfo takes notice of the Elec- 

.. . ' ... 

tricity of feveral animals, and even mentions 
fome qualities of the air, or of the aliments, 
which are prof)er to augment or diminifli 
the Eledlricity of the human body. In the 
Vol. II. I application 
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application of thofe principles to medicine, 
the author gives a table of difeafcs, arranged 
in fpecies and genera, and comprehended 
under ten clkfles ; which difeafcs, as he fays, 
are* occafioned in great meafnre, if not 
wholly, by Eledlricify, either pofitive or ne- 
gative ; and which may be cured by one 
or the other of thofe two eleftrical powers, 
according as the figns concomitant the dif- 
eafe may indicate. 

The Abbe Bertholon alfo treats of the 
influence of atmofpherical Eleflricity upon 
the number of births or deaths, and other 
things of the like nature. 

A perfon verfed in Electricity, cdnfider- 
ing that the air next to the body of a man, 
in his ufual mode of living, is feldom if 
ever fenfibly eledtrified, and alfo that the 
human body is a ready condu6lor of Elec- 
tricity, befides many other obvious confide- 
rations, muft naturally fufpedt that the 
author of the above-mentioned work has 
indulged his* fancy perhaps too much. 
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CHAP. IL 

DireSlions for the fraSiical Application 
of EleSiricity for the. Cure of 'various 
^ifeafes. 




OMITTING the defcription of the 
eleftrical machine, and the manner 
of preferving it in good order (which 
things are to be found in the firft part of 
this work) I fhall only obferve, with re- 
fpedt to the eleftrical machine in general, 
that its iize (hould not be fo fmall as was 
thought fufficient fome time ago, when the 
fmalleft machines were fuppofcd to be fuf- 
ficiently ufeful for the purpofe. It is fome- 
what remarkable, that when a fmall power 
of Eleftricity is to be ufed, large machines 
Ihould be recommended ; whereas, a (hort 
time ago, ftrong Ihocks were adminiftered, 
and fmall eledtrical machines were ufed ; 
but it muft be confidered, that when (hocks 
are given, very fmall eled:rical machines can 
charge a Leyden phial much ftronger than 
required ; but when the ftream is ufed, 
which has lately been found to be far more 
efficacious, then ,the fmall machines arc 

I 2 moftly 



■4 



il6 A Complete Treatise 

moftly ufelefs. Probably the largeft ma- 
chines will not be found to afford a ftream 
too ftrong for medical purpofes 5 but the 
ufeful ones, which do not require a great 
labour to be put in motion, and may fur- 
nifli a ftream fufficiently denfe, fhould have 
the glafs globe or cylinder about nine inches 
in diameter, which, with a proportionate 

. Conduftor, may ufually give fparks about 
three inches long. Whether the rubber of 
thefe machines ftands upon a glafs pillar or 
not, viz. whether it may be occafionally 
infulated or not, feenris' to be immaterial 
with refpedt to medical Eledricity : but as 
to have it fituate upon a glafs pillar is ufeful 
for eledrical experiments in general, and 
perhaps it may be found hereafter, that ne- 
gative ele6trization is beneficial in fome 
diforders, a perfon who is to choofe a new 
cle<5lrical machine, may rather have the 

' rubber fixed upon a glafs pillar, than other- 
wife. Mr. Nairn's new machine has every 
neccflfary advantage *. 

With fuch machines, the power of Elec- 
tricity fliould be fo regulated, as to apply 

* See vol. I. p. 165* 

every 
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every degree of it with facility and readi- 
ne.fs ; beginning with a ftream ifluing out 
of a metal point, next ufing a wooden 
point, then fmall fparks, ftronger fparks, 
and laftly fmall (hocks • Every one of 
tbefe methods rn^y be increafed or dimi- 
nifhed confiderabiy, by a proper managc- 
njent ; thus, by turning the wheel of the 
machine fwifter or flower, the ftream of 
^elcdtric fluid may be regulated according 
as the circumftances may require. The 
fparks may alfo be made ftronger or weak- 
er, by taking them at a greater or lef^ dis- 
tance, and by turning the wheel fwifter or 
flower ; and fo of the reft. 

It is impofliblc to prefcribe the exa<f^ 
degree of clcdrization that muft be ufed 
for various diforders ; for perfons of dif- 
ferent conftitutions, although afili<fled with 
the very fame difeafe, require diflferei^t de-p 
grees of electrization. Some perfons are of 
fo delicate and irritable a conftitution, that 
the fmalleft fparks give them as much pain 
as fliocks do to others. On the contrary, 
fomc people can fufFer pretty fevere (bocks 
without pofitivc pain ; and I have heard, 

I 3 though 
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though never faw any, of perfons who were 
infenfible of any eledric power, even of 
confiderably ftrong (hocfcs* 

In refpeft to this important point, the 
operator muft be certainly inftruded by 
experience \ however, in the beginning, 
he may be aflifted by the two following 
rules, Firft, he fhould begin to admini* 
fler to his patients the very fmalleft degree 
of eledric power, which he ought to con» 
tinue for a few days, fo as to obferve whe- 
ther it produces any good effect, which if 
it fails to do, he (hould then increafe thq 
ftrength of Eleftricity 5 and fo proceed 
gradually till he finds the effeftual tbethod, 
which he {hould follow without variation, 
till the patient is intirely i:ured. In (hort, 
the operator fliould always ufe the fmalleft 
degree of electric power, that is fufficient 
for the purpofe. A little pradtice will 
^lable him to determine at once what 
degree of Electricity is required for his 
patient, without any ufelefs attempts. 
Secondly, the degree of eledrization to 
be adminiftered, fliould never exceed that, 
which the patient can conveniently fufFer; 

• 

experience 
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experience iP:^ewing, that when the appli- 
cation of any degree of '^XtOincity is very 
difagreeable to the patients, they very feldonx 
mend» 

The inftruments which, befidf:s the 
eleiSrical machine and its pria^e Conduc- 
tor, are neceffary for the adminiftration of 
medical Eledlricity, may be reduced tQ. 
three 5 viz. an elediric jar, with Mr, La.ne's 
eledrometer ; an infulated chair, or a^ in- 
fulated flool, upon which a common chair 
may be occafionally fet j and the djredors** 

Thofe inftruments are delineated in 
the fifth plate. Fig. i. reprefents the 
ele^ftriq jar, with Mr, I^ane's eledro- 
meter, and the manner in which the, 
{bocks are fent through any particular part 
of the body. The furface of the jar, wbic^ 
is coated with tin-foilj fbould be about foui: 
inches in diameter, and fijQ inches bight 
which is equal to about feventy-three 

^ Various other inftruments ufeful in t^edics^l elec- 
tricity, are defcribed in divers books, but tbofe men- 
tioned above are fufficient to anfwer every required 
purpofe, 

I 4 fquare 
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fquare inches* The brafs wire, which paf- 
fes through the covering of the jar and 
touches the iniide coating, has a brafs ball, 
F, to which the eledlrometcr F D E is 
faftened ; and proceeding a little farther up, 
terminates in another brafs ball B, which 
fhould be fo high as to touch the prime 
Condudlor A, which is fuppofed to ftand 
before the elcftrical machine. The eleSro- 
meter confifts in a glafs flick F D, cemented 
to two brafs caps F and D ; from the latter 
of which a ftrong perpendicular brafs wire 
proceeds, the extremity of which comes 
9s high as the center of the ball B, and is 
furnifhed with an horizontal fpring focket^^ 
through which the wire CE, having the 
brafs ball C at one end, and the open ring 
E at the other, may be Aided backwards 
and forwards, fo as to fet the brafs ball C 
at any required diflance from the ball B. 
This diftanee, at moft, needs not be greater 
than half an inch ; hence the elciflrometer 
may be made very fmall. Sonjetimes fmall 
diyifions are marked upon the wire C E, 
which ferve to fet the balls B and C at a 
given diftanee from one another, with 
fliore reafiinefs and precifion. Now fupr 

f9f? 



■ : ♦ 



on Electricity* izi 

pofe that the jar is fet contiguous to the 
prime Conductor, that is, with the ball B 
touching the Conduftor; that the ball C be 
fet^ at one tenth of an inch diftance ftoirii , 
the ball B i and that, by ipeans of wire, a 
conducing communication be formed from. 
E to the outfide coating of the jar, as is rc- 
prefented by the dotted line in the figure^ 
In this cafe, if the eledrical machine be put 
in motion, the jar will be charged; and 
when the charge is fo high as that the elec- 
tric fluid accumulated within the jar can 
leap from the ball B to C, which we have 
fuppofed to be one tenth of an inch afunder, . 
the difcharge will happen, a fpark appearing 
between the faid balls, and the (hock pafTes 
through the wire reprefentcd by the dotted 
line if for the part F D of the eleftromcter 
being of glafs, generally covered with feal- 
ing-wax, is impervious to Ele6tricity, con-r 
fcquently the eledlric fluid has no other 
way through wMch it can pafs from the 
infide to the outfide of the glafs jar. When 
the (hocks are to be given with this appa- 
ratus to any particular part of the body, for 
Jnftance, to the arm, then, in (lead of .the 
^^.^^x jjj^^ reprefcnting a wire, which mu(^ 
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HOW be fuppofed as not exifting in the figure, 
two flender and pliable wires, E L, I L, arc 
to be faftcncd, one to the open ring E of the 
deOronncter, and the other to the brafs hook 
\ of the /land H I, which communicatee 
with the outfide coating of the jar *• The 
other extremities of the faid wires arefaften-* 
ed each to the brafs wire L<» and L» of the 
dircdors K L, K L. Each of thofe inftru^ 
ments, juftly called direSlors^ confifts of a 
knobbed brafs wire L, which by means of 
a brals cap is cemented to the glafs handle 
K. The operator, holding them by the 
extremity of the glafs handle, brings their 
balls into contadt with the extremities of 
that part of the body of the patient through 
which he defires to fend the fliock. The 
management and convenience of this appa- 
ratus are eafily comprehended by infpe<3:?ng 
the figure ; for when the machine is in mo- 
tion, and the apparatus, &;:c. is fituate as ia 
the figure, the difcharge of the jar mufl: be 

* If the jar has not the {land H I, the extremity I 
of the wire I L may he fimply refted under, or may be 
tied round it. In (horc, it muft be put in contadl 
with the outfide coating of the jary in any convenient 
manner* 

evidently 
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(evidently made through that part of th 
patient's arm> which lies between the 
knobs of the difeclbrs } and the operator, ' 
whilfV an afliffant keeps the m2K:Hine in- 
motion i has nothing more to do, than-^tb- 
hold the knobs of the dircdlbrs to the 
cxtrethities of the arm, or to any other 
part of the body that is retq^uired to be thus 
electrified; always taking care that the tWa 
wires IS L, IL, do not touch each other/ 
becaufe in that cafe the (hock will not pafs ' 
through that part of the body which is re- 
quired to be eleftrified. Thus any number 
of fhocks, precifely of the fame ftrerigth, 
may be giveft, without altering any part of 
thd apparatus, or having any farther trouble; 
and "when the ftrength of the (hocks is re-f 
quirfd to be diminifhed or increafed, it is 
only neceflary to' diminifh or augment the 
diftarice betweeti the balls HC, which is 
dbne by flipping the wire C E forwards or 
backwards through the ^ring focket that 

holds it. 

* 

It is almoft fuperfluous to mention, that* 
when (hocks are adminiftcrcd, it is imma-^ 
terial whether the patient (lands upon the 

ground. 
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ground, upon the infulating ftool, or in any 
other fituation whatever. It is neither 
always neceflary to remove the cloaths from 
the part that mufl be electrified^ in order 
to let the knobs of the diredors touch the 
Ikin ; for, except the coverings be too many 
and too thick, in which cafe part of them 
at leaft (hould be removed, the (hocks will 
go through them very eafily, cfpecially if 
the knobs of (he dire^ors be prefled ft little 
upop the part* 

In the ' courfe of this eflay we (hall de<« 
Icribe the ftrength of the fliocks by the 
diftance between the balls B and C of the 
electrometer, which we fhall exprefs by 
parts of an inch ; fuppofing that the -faid 
eledrometer is fixed upon fuch a jar as wc 
have defcribed above, n)iz. whofe coated 
part, befides the bottopi, may be equal to 
about 73 fquare inches, and whofe glafs is 
moderately thin ; for a larger or thicker jar 
with the fame eledlrometer, fet at the fame 
diftances, will produce a much different 
e^eft, as muft be obvious to any perfon a 
little acquainted with the f^ieqce of ^le^-9 
tricity , 

Sefides 
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Beifides the diredtors mentioned above, 
there are other kinds of direftors, which 
ferve for throwing the ftream of eledtric 

. fluid, and other finiilar purpofe?, Thcfe 
are delineated in fig. 2. and 3. The di- 
redtor D, in fig. 2. is much like thofe de- 
fcribed above, excepting only that its wire 
is bent, and inftead of having any ball, it 
terminates in a point, to which is affixed a 
piece of vvood about one inch or one inch 
and a half long, pointed on one end, though 
not very fliarp, and having a hole on the 

. other *. The operator fhould have by him 
various fuch wooden pieces, of different 
length and thicknefs, as £ £, fo as to fhift 
them according as circumftances may re- 
quire ; for fometimes the wooden pieces 
are too dry or too damp, or the machine is 
in bad order, &c. in which cafes the ftream 
of eleftric fluid would be either too ftrong 
or too weak, if the fame wooden point was 
always ufed. The wood proper to make thefe 
pointed pieces fhould be rather of a foft 
kind, than hard, as box wood and lignum 
vitae are. 

♦ Thefe direflors are fometimes mada with very 
flender and annealed wires, fo that they may be bended 
in every required direftion. 

la 
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In order to throw the eledric fluid with 
this direftor, let a wire B, proceeding 
from the prime Condudlor A> fig. 2. be 
-fiaftencd to the wire of the <}ire£lor DE^ 
-Vrhich the operator muft hold by the extre-* 
mity of the glafs handle, and milft manage 
it fo as to keep the wooden point at about 
one or two inches diflance from the body 
of the patient *• This diftance, however, 
muft be regulated according to the conftitu- 
tion of the patient, the ftrcngth of the elec- 
trical machine, and other circumftancesj 
which will be fuggefted by a little pfadice. 
The eleiftric fluid ifluing from the wooden 
point, has a power which is intermediate 
between that of the ftream proceeding from 
a metal point, and the power of the fparfcs; 
but yet it is in general the moft efficacious 
method of ele<Srization, and therefore no 
pains (hould be fpared in order to adminifter 
it in the beft poflTible mannen This ftream 
confifts of a vaft number of exceedingly' 
fmall fparks, accompanied with a little 

* When this or any other operation is performed, 
the elefiric jar, and in general any jnftruttient not ac- 
tiiaUy neceffaryy muft b^ removed jfrcxoi* the prime Con- 
4ta£lor, -and c^ven from the table^ if that is lather fmalK 

Win4^ 
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wind, which gently irritated the part dcc- 
trificd, and ^ives a warmth which proves 
very agreeable to the patients. Sometimes, 
when the machine is very powerful, and the 
wooden point' is fliort or fplit, a very fiill 
and pungent fpark iffues from it ; which is 
a very difagreeable accident, efpecially when 
the part elearificd is very delicate. In order 
to avoid this inconvenience, the operator 
fliould firft try the goodnefs of the point, 
before he begins the operation ; which he 
may do by throwing the ftrcam upon his 
own hand or face. 

The above-mentioned method of elec- 
trifying, gentle as it may appear, will ne- 
verthelefs be found too ftrong for fome per- 
fons, efpecially when ufed for open fores ^^ 
upon delicate parts ; in which cafes the 
wooden point muft be removed, and the 
eledtric fluid muft be limply thrown 
froni the metal point of the direftor, which 
muft now be kept at a greater diftance 
than when the wooden piece was upon it, 
Theeledtric fluid ifliiing out of this pointed 
wire of the direftor, occafions only a geii- 
ile wind upon the part towards which it 

6 is 
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is direftcd, and is far from being 'difagee- 
able even to the moft delicate conftitution. 

It might be naturally fufpefted^ that fo 
gentle and nearly infenfible a treatment 
could hardly be of any efficacy j but my 
reader may be aflured, that to my certain 
knowledge, deduced from the pradlice of 
perfons who have had long experience ia 
this fubjefl:, this method of ele£trization, 
viz. the throwing the fluid with a metal 
point, has often mitigated pains, and cured 
obftinate and dangerous difeafes, whicb 
could not be removed by any other remedy 
that was tried. 

In general this treatment, upon delicate 
nervous conftitutions, is as efficacious as 
the other, viz. the throwing the fluid with 
a wooden point, is to ordinary confliitutions. 
In feveral cafes, efpecially of open fores, 
the eledric fluid iflfuing out of a wooden 
point has confliantly increafed the pain, and 
even enlarged the fore \ whereas the fluid 
ifliiing out of the metal point has eflfedu- 
ally dimini(hed both. 

2 The 
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The ftrcam ifluing out of a wooidea 
point may be dircfted towards the eyes of 
the patient, without any apprehcnfion of 
hurting him; in which cafe the operator 
fhould keep the eye-lid open with one 
hand. Indeed there might be fbme cafe$, 
though I feldom heard of any, in which 
this treatment may be thought to be too 
ftrong; then the metal point only maybe 
ufed. 

The ftream ifluing both out of th 
wooden and of jthe metal point, adls even 
through the cloaths, if they are not too 
thick; hence it may be ufed without in* 
commoding the patient ; but when it is 
convenient to uncover the part that is to be 
eledlrified, it is much preferable to direct 
the fluid immediately upon the fkin. 

In this operation, the practitioner muft 
mind to fhift the point of the dire<ftor 
about, fo that the ftream of eleftric fluid 
may be direfted not only towards the 
afledted part, but alfo to the places about 
it; alternately returning to the fame place, 
and moftly infifting upon the part princi- 
pally affedted. 

Vol. IL K The 
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The patient in this operation may alfa 
ftand in every iituation that may happen ta 
be more convenient to him. 

When more proper inftruments cannot 
be had, diredtprs may be made by flicking 
Jarge pins upon flicks of fealing-wax^ as 
is reprefented at K, fig. z. 

Sometimes the wire B, which forms 
the communication between the prime Cbn- 
duftor and the diredor, throws a confidera- 
ble quantity of eledtric fluid into the 4ir» 
which weakem the flream ifTuing from the 
point. In order to remedy this inconte- 
nience> I contrived a condudUog wire, which 
teing ufed by fome of my friends, who 
pra^ife Medical Elcdlricity, has been found 
to anfwer very well the purpofe of not dif- 
fipating the eleftric fluid. This condudling 
communication is formed of a filver, gold, 
or copper thread, fuch as are ufed for la^es, 
which confift of a fniall lamina of metal 
iwifted round a filk or linen thread. This 
toetal thread, or two of them, I involve in 
a filk ribbon, which is coiled and fewed very 
tight upon it, leaving only a loop of the 

metallic 
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metalltc'thread cmcovered st tach extremhy^ 
one of \viiiteh is to be faftendd to the prime 
CondudoTt and the other to the wire of tih^ 
dircdof • Sefr G H, % 2. 

This fort of conducing, comndilnication^ 
befides its preVjSntipg thd diffipatido of .the 
eleAric ftuid^ is xntich.more pliabljs than 
the.AiiF wire coiiimtoty :ufed^ aftd confe- 
quently ma^ be mtaagod fitord eafily. 
It may be alfo ufed inftciid of jthor yfitw 
E L, I L^ fig. 1 . in the operation of giving 
ihocfcs# , 



•<■ *.« 



Two other diredbrs difFereat iiom the 
above-mentioned, are delineated iA fig. 3). 
Their ufe is to draw fparks from the in^^* 
fide of the ear in cafes of deafnefs, pains> 
&c. and alfo (torn thd teeth or other inter- 
nal parts of the mouth* The dircdor B H 
confifis of a glafs tube A B, about fix 
inches long, and open at both ends; the dia« 
meter of which may be about one tenth of an 
inch, and the fubftance of the gla& rather 
thick. A cork is thruflod into one end of 
this tube, through which a wire pafies ; one 
Extremity of which is but blunt and fnK>otbj 

K 2 ^nd 
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and comes within one or two tenths of an 
inch fhorter than . the end B of the tube. 
The other extremity H of the wire, is 
furnifhed with a fmall metal ball.r^Long 
pinsy fuch as the ladies ufe for their hats, 
anfwer this purpoie exceedingly well, when 
thtir points are filed off. The lother direc^ 
tor CD differs from that jof); defer ibed, in 
being only bent a little, for the cohvenien- 
cy of^adapting it jnore eafily to fon\e parts 
within- the moitth. v - ■, i 



■ \ 



When thefe directors are ufed, the pa- 
tient muft be fituated upon an infulating 
HoioK viz. a ftool fornifiied with glafs feet. 
Upon which a chair may be placed. Then 
a communication muft be formed between 
the priine Conduftor and the body of the 
patient, by means of afty fort of wire, ef- 
pecially that reprefented by G H, fig. 2v. 
or by the patient only touching the prime 
Condudtor with his hand. In this cafe, it 
is eafy to conceive that the patient be- 
comes part of the prime ConduAor; and 
if any blunt condu&ing body is brought 
near him, when the machine is in adtion, 
a fpark is obtained from him in the fame 

manner 
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inanncr as when the fame blunt body is 
prefentcd to the prime Condudtor itfelf* 
Every thing being thus far prepared, the 
operator holding the diredor A B or CD 
by its middle E or F with one of his 
hands, mud bring the extremity B or D 
of the tube into contadt, or nearly fo, with 
the infide of the ear, mouth, &c. of the 
patient, as occafion may require ; and muft 
bring the knuckle of a finger of his other 
hand within a fmall diflance of the fmall 
knob H or G of the direftor, which will 
extrad fmall fparks from it, and at the fame 
time the like fparks will happen between 
the other extremity of the wire within the, 
tube, and the part of the patient^s body 
towards which the inftrument is direded* 

This is an excellent method to be prac- 

tifed in cafes of deafnefies, pains in the 

cars, tooth-achs, fwellings within the 

mouth, &c, efpecially becaufe it may be 

increafed or dimiriifhed at plcafure; vizm 

by drawing the wire G or H more or left 

from the extremity B or 'D of the tube, the 

ftrength of the fparks niay be increafed or 

diminiihed* 

K 3 Not 
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Not oi>ly (p2sk$, but alio ^e ilrcam of 
pinOitic fluid tr^y hp drawn with thofe 
(^6^()fg, Thif is (Jflnc by bringing (in- 
0)e9,d Qf tbe k^^ickle) s^ pointed piece of 
WQod neaiT tbe.i^all j^iqb Hor Q c^ the 
4Jiro^or5 every thing fife jp^^ng difpo^d as 
akwdy dife<aed. 

When iparks are required tp be drawn 
fro3| any pact of tb^ body^ the patiept 
pfiAi& be fituated upoq a<9 infql^ting ftool^ 
gnd n^a^ be cpQned^ wi^ the prime 
C^c^du^or in the manner <Jj[f qdted above ^ 
ihea the operator bringing the knuckle 
4^ one o^ hiis flqgpr^i or this knob of a 
|:>raip \Y^re like KL, flg. 3. oppofite to 
the affe4ted part, yirill draw the iparks 
from it; which fparks will pafs very ea- 
£ly thrpijgh the cloaths, if they are not 
very thick. When the kppbbed wife K L 
is ufed to draw fparks with, the operator 
j^uil hold it by the extremity K, and pre- 

• 

&nt the knob L, &c. : but it m^y alfo be 
ufed to draiy the i|uid fileotly, in which 
G^e the point K mvtil. be prefen(ed, and the 
knob L mufl: be held by the band of the 
operator^ Here a wooden point may alfo bq 

ufed. 
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ufed, viz. by affixing it to the point K of 
the wire ; which method anfwers as well 
as that of throwing the clcdric fluid by 
means of a wooden or metal point, with 
the director D of fig. 2. defcribcd in the 
preceding pages. 

Sometimes it is required to take {parks 
from fuch parts as arc covered with thick 
cloaths, and the patient is rather unwilling 
to uncover. In this cafe the heft method- 
is to (ituate the patient upon the ihfulating 
ftool in contadl with the prime Conduftor, 
then to bring the knob of a diroSor, like 
one of thofe delineated in fig^ i. in con* 
tad with the cloaths over the p4rt recjoir^ 
to be eleftrificd j whilft the opfcrator, bofeU 
ing the inftrument by the extremity otiii 
glafs handle with one of his hands, brings 
the knuckle of one of his fingers, or the 
knob of the wire K L, fig. 3. pretty nca^ 
the brafs cap of the direftoi*, fo as to tlrtw^ 
ftrong fparks from it j the force of whleli? 
Will be felt very Imartly upon the part of 
the patient's body 5 for at the fame trmc 
fparks will happen there acrofs the cloathsj 
n)iz* between the part of the .body of the 

K 4 patient. 
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patients and the knob of the diredor, 
whidbi for better fecurity, (hoold be preffed 
a little upon the cloaths. 

In all thofe cafes when the eledlric fluid, 
either in a flream or under the form of 
iparks and ihoeks, is to be forced acrofs the 
cl6aths, it i^fuppofed that no metallic or- 
naments fhould be interpofed, as gold or 
filver lace, lii^ngpias, and the like; for then 
the eflFe<fls w^U vary confiderably, according 
to the difl^ent circumftances. 

There is another method of eledrifying 
a difeafed. part of the body, which cannot 
properly be called drawing fparks, though 
it comes very near to it. This manner of 
cledrifying is eiFefted in the following 
way : The patient is fituated upon the 
infulating ftool, and is made to communi-- 
cate with the prime Conductor; then a 
dry and warm flannel, either Angle or 
double, according as it may be occaflonally 
thought more proper, is fpread upon the 
naked part that mud be eledrified, and over 
this flannel the operator' muft put the knob 

Xi pf ^he wire JC h^ fig. 3. <juite into con- 
tain 
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ta^ft with the flannel, whilft he holds it by 
the other extremity K* Now when the 
machine is in adlion, the knob L of the 
wire muft be (hifted very quick and nimbly 
from place to place over the flannel ; in 
which manner a vafl: number of exceedingly 
fmall fparks will be drawn acrpfs the flan- 
nel; which generally bring an agreeable 
warmth on the part, and prove very bene- 
ficial to the patient, at the fame time that 
they do not caufe any very difagreeable fen* 
fation. In cafes of paralytic limbs, rheu- 
matifm, fpreading pains, coldhefs of any 
particular part, &c. this treatment is of An- 
gular benefit. In the following pages we 
fhall call it X^e method of drawing J^arks 
through a piece offiannel^ or fimply, to dram 
fparks through flannel. 

• 

As for the infulating chair, it is almoft 
needlefs to give any particular directions 
concerning its conflrudibn; it being no- 
thing more than a coitimon wooden chair 
fet upon an infulating ftool; or^ as fome 
perfons choofe to have it, the chair itfclf ' 
is fumiflied with glafs inftead of wooden 
legs^ which anfwers eqyally welL It is 

requifite 
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rdquifite that no (harp metallic points be 
ptit upon this chair \ and even its wooden 
ornaments (hould be rather blunt than 
(harp-edged; for paints and edges in ge- 
neral diflipate the cleftric fluid confider- 
ably, and confequently weaken the power 
of the machine. The glafs feet (bould be 
at Icaft eight inches high ; and, that they 
may infulate the better, cfpccially in damp 
weather, they fhould be covered with fcal- 
iBg-wax or good amber varniihu In the 

conftrudtion of this chair, a place fhould be 
always provided, whereupon the patient 
may reft his ittt ; the want of whic& i» 
very difagreeable, becaufe it is abfoluftely 
ncccffary that the feet do not touch the 
floor.— -When only a* common chair is to 
be occasionally fet upon an infulating ftool, 
the latter fhould be made fomewhat larger 
than the former, fo that part of it may 
proje£i: before the chair, upon which the 
perfon to be electrified may ref( his fbet, 

After the description of the inflruments * 
ncccffary for the adminiftration of Medi- 
cal Elefkricity, I fhall colleflf together fome 
prafticar rules, which may ferve for a guide 

to 
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tp.thofe pra($itioners, who have not yet 
been fufiiciently inftrudcd by their own 
experience. 

• General Rules for PraSlice. 

I, It fhould be attentively obferved, to 
employ the fmalleft force of Eleftricity, 
that is fufiicient to remove or to alleviate 
any diforder ; thus the (hocks (hould never 
be ufed when the cure may be effected 
by (parks 5 the fparks fliould be avoided 
when the required efFeft can be obtaioed 
by only drawing the fluid with a wooden 
points and even this laft treatment ought 
to be omitted, when the fluid drawn by 
means^ of a metal point, may be thought 
fufiicient. The djfiiculty confifts in dif- 
. tinguifhing the proper ftrength of eledric 
power that is required for a given difor- 
der, the fex and conftitution of the f)a- 
tient being confidered. In regard to this 
pointy it is impoflible to give any exad: and 
invariable rules; the circumilances being 
of fuch a nature, and fo various, that long 
experience, and a drift attention to every 
particular phenomenon, are the only means 

- by 
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by which proper inftrudions may be re- 
ceived. The fureft rule, as we obfervcd 
above, that can be given relating to this 
particular, is to begin by the moft gentle 
treatment; at leaft fuch, that, confidering 
the conftitution of the patient, may be 
thpught rather weak than ftrong. When 
this gentle treatment has been found in- 
cfFedtual for a few days, which is denoted 
"by the difcafe not abating, and the appli- 
cation of Eledricity not caufing any warmth, 
or other promifing phenomenon, upon the 
part electrized; then the operator may 
gradually increafe the force of Eledricity 
till he finds the proper degree of it, 

II. In judging of cafes proper to be 
cleSrified, experience fliows, that in gene- 
ral, all kinds of obftru6lions, whether of 
motion, of circulation, or of fecretion, are 
very often removed * or alleviated by Elec- 
tricity. The fame may alfo be faid of ner- 
vous diforders ; both which include a great 
variety of difeafes. The application of 
Eledricity has feldom intirely cured difeafes 
of a long ftanding, although it generally 
relieves them. To pcrfons afflided .with 

the 
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the venereal difeafe, or to pregnant women, 
eledtrization has been thought to be perni<« 
cious ; but my reader may be affured, that 
even in thofe cafes it may be ufed v^ithout 
fear, if it is judicioufly managed. When 
pregnant women are to be eledixified for any 
diforder, the (hocks ihould be abfolutely 
forbidden ; and even when the other more 
gentle treatments are ufed, a conflant atten« 
tion (hould be given to any phenomenon 
that may appear in the courfe of the elec- 
trization ; the method of which ihould be 
increafed, diminifhed, or fufpended, accord- 
ing ^s circumftances may indicate. *As for 
the venereal difeafe, it will be hinted, in 
the courfe of this work, in what manner, 
and in which cafes, Eleiflricity may be 
applied. 

III. In cafes of gathering tumours, the 
beft method is to draw the fluid by means 
of a wooden point, or, if that proves painful, 
by .a metal point. Sparks in thefe cafes, 
and alfo&ocks, are often hurtful. In fttiT- 
nefies, paralyHes, and rheumatifm, fmall 
fpatrks, efpecially through a double flann^, 
and alio very fmall (hocks (at moft of one 

tenth 
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tenth of an inch) may be ufed. Stronger 
ihocks may be fometimest though feldom, 
adminiftercd for a violent tooth-ach> and for 
fome internal fpafm of no long (landing. 

IV. When any limb of the body is de- 
prived of motion, it muft be.obfcrvcd, that 
the privation of motion is not always origi- 
nated by a contraction of the mufcles ; but 
that it is often occafioned by a relaxation ; 
thus, for inflance^ if the hand is bent in- 
wardly, and the patient has no power of 
ib:aightening it, the caufe of it may be a 
weaknefs of the botward muicles, as welt 
a» a contraction of the inward ones. In 
fuch cafes, as it is often difficult even for 
good anatomifls to diicover the real cauie, 
the fureft method is to ele<flrify not bnly 
thofe mufcles which are fuppofed to be 
con traded, butalfo their antagonifts ; for to 
cledrify a found nitrfclc is by no means 
hurtful. 

■ 

V. When the flream of eleftrk fluid is 
thrown either with a wooden or metat 
point, the length 6f the operation ihodd 
be from three to ten mintttes: more oi^ 

2 lefs. 
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ilefs^ according sis occafion may require. 
When (hocks are adniiniftered, their great- 
eft number (hould not exceed a dozen or 
fourteen, except when they are to be given 
to the whole body in different .direftions. 
The number of fparks, when they are ufed, 
may generally exceed the number of (hocks 
mentioned above. 



VI. Laftly, it may be of ufe to mention, 
that.when children muft be electrified upon 
the infulating chair, as it is difficult to let 
them (lay without motion, the moft conve- 
nient method is, to let another perfon (it in 
the infulating chair, and to hold the child 
whilft the operator is eleftrifying him. 

Having thus comprifed into a few gene- 
ral rules, the method of applying Eledlrici- 
ty with fafety, we (hall next defcribe the 
particular treatment, which has been foun4 
more expeditious and beneficial in diforders 
of various fpecies ; and (hall laftly add fome 
authentic cafes, which will ferve as examples 
for the generality of praftitioners. 

The minute detail of the apparatus ne- 

ccflary 
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ccffary for Medical Eleftricity, and feveral 
of the obfervations made on the pwticular 
ufe of it, may be thought more than neceflary 
for a perfon who is mafter of the preceding 
part of this work ; but as it is more than 
probable, that many perlbns will confult 
this book merely for the fake of the medical 
part, I thought proper to prevent any pof- 
fible miftake, or infufficient inftruftion, 
which might arife from concifenefs. 



CHAP. III. 

Containing the particular Method of adminif^ 
trmg EleBricity for various Difeqfes, and 
the Account offome authentic Cafes. 

THE account of a few fuccefsful cafes 
in Medical Eledtricity, as well as in 
any other branch of phyfic, does by no 
means eftablifli the reputation of the treat- 
ment, when a vaft number of unfuccefsful 
trials are concealed from the eyes of the 

public. The variety of temperaments ob- 
fervable in the human fpecies, and the coin- 
cidence of circumftances, is fuch, that 
ibmetimes very obftinate diforders feem to 
be cured by very trifling applications. The 

phyficiani 
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phyficians, however, juftly negledt thofe 
kinds of treatment, becaufe they have adlu- 
ally failed in a great many cafes feemingly 

of the fame nature. 

In order, therefore, to give a proper efti- 
mate of the efficacy of a remedy, it is ne* 
cefTary to (hew the proportion between the 
fuccefsful, and the unfuccefsful trials; 
without being amazed at one cafe, and 
neglefting many others. 

•Agreeably to this obfervation, the reader 
will find in the following pages, an eftimate 
of the efFedls of Elefticity applied as a re- 
medy for various diforders. This eftimate 
has been deduced from the cafes which are 
hitherto come to my notice, and is there- 
fore likely to receive much alteration and 
amendment by better information, and fu- 
ture obfervations. 

Rheumatic diforders^ even of long ftand- 
ing, are relieved, and generally quite cured, 
by only drawing the eledric fluid with a 
wooden point from the part, or by draw- 
ing fparks through flannel. The ope/a- 
tion (hould be continued for about four 

Vol. II. L or 
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or five minutes, repeating it once or twice 
every day* 

Deafnefs^ except when it is occafioned 
by obliteration, or other improper configu- 
ration of the parts, is either intirely or partly 
cured by drawing the fparks from the ear 
with the glafs-tube-direftor, or by drawing 
the fluid with a wooden point. Sometimes 
It is not improper to fend exceedingly fmall 
{hocks (for inftance, of one-thirtieth of an 
inch) from one ear to the other.— -It has 
been conftantly obferved, that whenever the 
car is eleft rifled, the difchargc of the wax is 
confiderably promoted.; 

The tooth-achy occafioned by cold, rheu- 
matifm, or inflammation, is generally re- 
lieved by drawing the ele<Sric fluid with a 
point, immediately from the part, and 
alfo externally from the face. But when 
•the body of the tooth is aflfe<Sted, eledtri- 
zation is of no ufe ; for it feldom or ne- 
ver relieves the diforder, and fometimes 
increafes the pain to a prodigious degree. 

» 

* 

Swellings in general, which do not con- 
tain any matter^ are moftly cured by 

drawing 
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dfawing the eU^lric fluid with a wooden 
point*. The operation fhould be contir 
nued for three or four minutes every day, 

. r 

Inflammations of every fort are generally 
relieved by a very gentle eledlrization* 

In inflammations of the eyes, the throwing 
of the eledtric fluid by means of a Wooden 
point, is conftantly attended with great 
benefit j the pain being quickly abated, 
and the inflammation being generally difli- 
pated in a few days. In thefe cafes, the 
eye of the patient muft be kept open, and 
care fliould be taken not to bring the 
wooden point very near it. Sometimes it is 
fufficieijt to throw the fluid with a metal 
point ; for in thefe cafes, too great an 
irritation (hoiild be always avoided. It is 
not neceflary to continue this operation 
for three or four minutes without inter- 
miflSon } but, after throwing the fluid for 
about half a minute, a fhort time may be 
allowed to the patient to reft:, and to wipe 

• It IS very remarkable, that in fome cafes of white 
fwellings, quite cured by means of Eleflricity, even the 
bones and cartilages were in fome meafure disfigured. 

L 2 his 
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his tears, which generally flow very co- 
pioufly; then the operation may be con- 
tinued again for another half minute, and 
fo on for four or five times every day. 

The gutta ferena has been often cured 
by eleftrization I but at the fame time it 
muft be confefled, that to my certain 
knowledge. Electricity has proved ineffec- 
tual in many fuch cafes, in which it was 
adminidered for a. long time, and with all 
poflible attention. I do not know that 
ever any body was worfted by it. The 
beft method of adminiftring Eledtricity in 
fuch cafes, is firft to draw the eleftric fluid 
with a wooden point for a fliort time, and 
then to fend about half a dozen fliocks of 
one-twentieth of an inch from the back and 
lower part of the head to the forehead, very 
little above the eye. 

A remarkable difeafe of the eyes was 
fome time ago perfeftly cured by eleftriza- 
tion ; it was an opacity of the vitreous 
humour. This feems to be the only cafe 
of the kindj to which Electricity was ap- 
plied. 

All 
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All the cafes oijifiula lacrymalis^ as far 
as I am informed, that have been eleftrifiea 
by perfons of ability for a fufEcient time, 
have been entirely cured. The method 
generally pra6tifed, has been that of draw- 
ing the fluid with a wooden point, and to 
take very fmall fparks from the part. The 
operation may be continued for about three 
or four minutes every day. It is remarkable 
that in thofe cafes, after curing the fiftu- 
la lacrymalis, no other difeafe was occa- 
iioned by it^ as blindnefs, inflammations^ 
&c, by fupprcfling that difcharge, 

Palfies are feldom perfeftly cured by 
means of Eleftricity, eipecially when they 
are of long ftanding and the intelledt i$ 
affedled ; but they are generally relieved to 
a certain degree. The method of' cledri- 
fying in thofe cafes, is to draw the fluid 
with the wopden pointy and to draw fparks 
through flanndi or through th? ufual cover- 
ings of the part, if they are not too thick. 
The operation may be continued for abou^ 
five minutes per day. 

ykers, or open fores of every kind, even 

l< I of 
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of a long, {landing, are generally difpofed 
taiieal by eledlrizadon. . *Ehe general ef- 
fefts are a diminution of the inflammation, 
arid at firfl: a prorriotion of.tne difcharge of 
properly formed rnatt'er; which difcharge 
gradually leflens, according, as the liniits 
of the fore contradt,' till.it is quite cured. 
In tliefe cafes. "the gentleft. eleftrization 
muft'be ufed, in order to avoid too great 
an irritation, which is generally hurtful. 
To draw or throw the fluid with a wooden 



' ; r » / 



or even 'witlV a metal point, for three or 
four m'ihutes ^^r jday, is quite fufiicient. 



Cutcineous eruptions have been fuccefs-^ 
fully treated with electrization ; but in 
thefe cajes it mufl be obferved, that if the 
wooden point is kept too near the Ikjn, fo 
as to caufe any confiderable irritation, the 
eruption will fometlmes Be caufed to fpread 
more; but if the point be kept at about fix 
inches diftance, or farther, if the eleftrical 
m'achine' is very powerful, the eruptions 
will be gradually diminifhed, till they are 
quite cured,' In this kind of difcafe, the 
rimmediate and general effedt of the wooden 
point, i^s tQ occafion a warmth about the 
■ '' '*'-'-•' ^ '"■ • -i^ •"' elearified 



if 



a^El/ECTricity. 151 

cleilrified part, which is always a fign that 
the electrization is rightly adminiftered. 

The application of Eledricity has per- 
fedly cured various cafes of St. Vitus s 
Dance^ or of that difeafe which is com- 
monly called fo ; for it is the opinion of 
fome very learned phyficians, that the real 
difeafe' called St, Vitus's Dance, which 
formerly was more frequent than it is at 
prefent, is different from that which now 
goes under that name. In this difeafe, 
(hocks of about one-tenth of an inch may 
be fent through the body in various direc- 
tions, and alfo fparks may be taken. But 
if this treatment proves very difagreeable 
to the patient, then the fliocks muft be lef- 
fened, and even omitted; inftead of which ^ 
fome. other more gentle applications muft 
be fubftituted* 

Scrophulous tumors^ when they are ju-ft 
beginning, are generally cured by drawing 
the eleftric fluid with a wooden or metal 
point from the part. This is one^of thofe 
kinds 1. of difeafes in which the- adiTon- of 
]Bled:ricity requires particularly the aid of 

L 4 other 
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other medicines, in order to cfFedl a euro 
more eafily ; for fcrophulous aflFeftions ge- 
nerally accompany a great laxity of the 
habit, and a general cachexy, which muft 
bd obviated by proper remedies. 

In cancers, the pains only arc moftly 
alleviated by drawing the eledric fluid 
with a wooden or metal point, I know 
of one cafe only, in which a moft con- 
firmed cancer of very long (landing, on 
the . breafl of a lady, has been much re- 
duced in iize. It is remarkable, that this 
patient was fo far relieved by drawing the 
fluid with a metal point from the part, 
that the excruciating pains £he had fuflfered 
for many years; did almoft intirely difap- 
pear ; and alfo, that when the eledtric 
fluid was drawn by me^ns of a wooden 
point, the pains did rather increafe. This 
perfon, when I heard of her laft, was fl:ill 
under the application of Eledtricity; and the 
cancer feemed not unlikely to be perfectly 
cured, although contrary to the expedtations 
even of the judicious phyfician who eledlri-r » 
fled her, and who knows too well the na-f 
ture of that dangerous difcafe^ 
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Abfcejfes^ when they are in their begin-p- 
ning, and in general whenever there is 
any tendency to form matter, eleftrizatioa 
difperfes tKem. Lately, in a cafe in which 
matter was formed upon the hip, called 
the lumber abfcefs^ the difeafe was perfedlly 
cured by means of Eleftricity. The Jciaiica 
has alfo been often cured by it. In all fuch 
cafes, the eledfcric fluid niuft be fent through 
the part by means of two direftors applied 
to opposite parts, and in immediate contain 
either with the Ikin, or with the coverings, 
when thefe are very thin. It is very re- 
inarkable, that the mere paflage of the 
elcdric fluid in this manner, is generally 
felt by the patients afflicfled with thofe di- 
forders, nearly as hiuch as a fmall fhock is 
felt by a perfon in good health. Sometimes 
a few (hocks have been alfo given, but it 
feems mbre proper to omit them ; becaufe 
fometimes, inftead of difperfing, they rathej: 
accelerate the formation of matter. 

In cafes of pulmonary inflammations^ when 
they are in the beginning, eleftrization 
has ibmetimes been benpficial ; but in con-* 
firmed difeafes of the lungs, I do npt know 

that 
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that it, ever- afforded any unqueftionabic 
benefit; hpwev.er^ it feems that in fuch 
cafes the pov/er of Electricity has been but 

feldom tried* 

» ■ ■ • ■ 

^ Nervoza head-a^chsj even of a long* (land- 
ings ;:re generally cured by' eledrization. 
Fqr this diieafe, the eleftrig fluid rauft be 
thrown with a. wooden, and« ibmetimes 
even with a metal point, all round the head 
fucceffively. Sometimes exceedingly fmall 
fhocks have been adniiniftered ; but. thefe 
can feldom be ufed, becaufe the nprvcs of. 
perfon5 fubjei^l: to this difeafe are fo- very 
irritable^ that the fhocks, tliQ fparks, and 
fometimes even the throwing the eledlrie 
fluid with a wooden point kept very near 
the head", throws them into convulfions* 

The application of Eleftricity has often 
been found beneficial in the dropfy^ wheiv 
juft beginning, or rather in the. tendency 
to a dropfy ; but it has never been of any 
ufe in advanced dropfies. In fuch cafes, 
the eledtric fluid js fcnt through the part,,, 
in various diredlions, by means . of two 
direftors, and fpayks are alfo drawn acrofs 

tht 
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the flannel or the cloaths ; keeping the 
metal rod in contact with them, and 
Shifting it continually from place to place. 
This operation fhould be continued at leaft 
ten minutes, and fliould be repeated Once 
or twice a day, — Perhaps in thofe cafes, a 
fimple clcdlrization, {viz. to infulate the 
patient, and to connedt if with the prime 
Conduftor whilft the machine is in adtion) 
continued for a confiderable time, as an 
hour or two, would be more beneficial. 

The goufy extraordinary as it may ap- 
pear, has certainly been cured by means of 
EJeclricity, in various inftances. The pain 
has been generally^ mitigated, and fomer. 
times the difeafe has been removed fo well 
as. not to return again. In thofe cafes, the 
eledtric fluid has been thrown by means of 
a wooden point, although fometimes, when 
the pain was too great, a metal point only 
has been ufed. 

Agues very feldom fail of being cured by. 
Electricity, fo that fometimes one eledlriza- 
tion, qr two, have been fufiicient. The 
mofl efFe<ftual and fure mptbod has been 

that 
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that of drawing fparks through flannel, or 
the deaths, for about ten minutes, or a 
ouarter of an hour. The patients may be 
clcd rifled either at the time of the fit, or a 
fiiort while befoife the time in which it is 
cxpedled. 

^he fupprejfion of the ordinary periodicat 
fiuxes of 'women, which is a difeafe that often 
occafions the moft difagreeable and alarming 
fymptoms, V5 fuccefsfully and fpeedily cured 
|)y means of Eledtricity, even when the 
difeafe is of long (landing, and after the 
moft powerful medicines ufed for it have 
proved inefteftuah The cafes pf this fort, 
in which electrization has proved ufelefs, 
arc fo few, and the fuccefsful ones fo nu- 
merous, that the application of Eledricity 
for this difeafe may be juftly confidered as at) 
efficacious and pretty certain remedy. Great 
attention and knowledge is required, in order 
to diftinguifh the arreft of the periodical 
fluxes from a ftate of pregnancy. In the for- 
mer, the application of Eleftricity, as we ob- 
fcrved above, is very beneficial ; whereas ia 
the latter, it may be attended with very 
difagreeablc effcfts i it is therefore a matter 

of 
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of great importance to afcertain the real 
caulfe of the difeafe, hefore the Electricity 
be applied in thofe cafeS. Pregnant womea 
may be eleftrified for other difeafes, but 
always ufing very gentle ineans> and di- 
recting the eled:ric fluid through other 
parts of the body, diftant from thofe fubfer- 
vient to generation. In the real fuppreffioa 
of the ufual difcharges, fmall (hocks, /• €. 
of about one-twentieth of an inch, may 
be fent through the pelvis ; fparks may be 
taken through the cloaths from the parts 
adjacent to the feat of the difeafe ; and al- 
fo the eleftric fluid may be tranfmitted bjr 
applying the metallic or wooden extremi- 
ties of two dired:ors to the hips, in con- 
tadt with the cloaths ; psirt of which may 
be removed in cafe they are too thick. 
Thofe various applications of ElecStricity 
ihould be regulated according to the con- 
flitution of the patient. The number of 
fhocks may be about twelve or fourteen. 
The other applications may be continued 
for two or three minutes ; repeating the 
operation every day. But either ftrong 
ihocks or a flironger application of Elec- 
tricity, than the patient <;an conveniently 

bear, 
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bear, fhould be carefully aVoided ; for 
by thofe means, fometimes more than a fuf- 
fifcient difcharge is occafioned, which is not 
eafily cured. In cafes of uterine haeniorr- 
hages, I don't know that the application of 
Eledlricity was ever benefit ial, neither that 
it has been often tried. — Perhaps a very 
gentle eleftrization, as to keep the patient 
infulated and connedted with the prime 
Conductor, whilft the eledlrical machine i^ 
in aftion, m^y be of fomc benefit. 

In refped: to unnatural dtfchdrges and 
fluxes in general, it may be pbferved, that 
fome difcharges are quite unnatural or ad- 
ventitious, as the fiflula lacrymalis, and 
fomc fpecies' of the venereal difeafe ; but 
others are only increafed natural difchafges, 
fucH as the mcnfes, perfpiration, &c. Now 
the power of Eledtricity, in general, has 
been found more beneficial for th^ firfl, 
than for the fecond fort of difcharges, 
which are moflly increafed by it. 

In the venereal difeafe electrization has 
been generally forbidden ; having moflly 
increafed the pains, and other fymptoms, 

rather 
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rather than dirafeifliied them. Indeed, 
confidering that any fort . of •ftimtaltiis has 
been found hurtful to . perfons afflidberd 
with that diforder> it is no Wonder that 
Ekdtricity has produced. fbme bad efFefts, 
efpecially in the riianner it was adminif- 
tered fome time ago, viz. by giving ftrong 
fliocks. However, it has been lately ob»- 
ferved, that a very gentle application of 
Ele(5lricity, as drawing the fluid by means 
of a wooden or metal pdinl, is peculiarlj^ 
beneficial in various cafes of this kind, 
even when the difeafe has been of loiig 
(landing. Having remarked above, that 
tumors, when juft beginning, are difperf- 
ed, and that unnatural difcharges are gra- 
dually fupprefled by a judicious ele<3:riza- 
tion ; it is fuperfluous to defcribe particu- 
larly thofe ftates of the venereal difeafe in 
which Eleftricity may be applied ; it is 
only neccflary to remind the operator to 
avoid any confiderable ftimulus in cafes of 
this fort. 

• The application of Eleftricity has beefi 

found alfo beneficial in other difeafcs 

befides thofe mentioned above ; but as the 

I z fads 
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fzSts are not fufliciently numerous, fo ds 
to afford the dedu<Aion of any general 
rules, I have not thought proper to take 
any particular notice of them ; especially, 
becaufe the efiefts of £le<^ricity on the 
human body, in various circumftances, 
have been already fufficiently confidered 
under general and compfehenfive heads. 

We may laftly obferve^ that in many 
cafes^ the help of other remedies to be 
prefcribed by the gentlenieo of the faculty, 
is required to affift the adion of Eledricity, 
which by itfelf would perhaps be ufelefs ; 
and on the other hand, electrization may 
often be applied to aflift the adion of other 
remedies, as of fudorifics, ftrengthening me- 
dicines, &c. 

" While I was writing fome of the 
" above cafes," fays Mr. Bscket, '* an 
'^ obfervation or two occured to me, which, 
5* though perhaps of no great confequence, 
** may not be amifs to mention, as *every 
** particular efFeft of Eleftricity fcems to 
[^ be worthy of notice. 
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'* One circumftance attending fome of 
the preceding cures, particularly that 
^* oiiYiQ paralytic J related hy Mr. Jones, 
** was a frefh and copious difcharge of the 
" bliftersy which had been previoufly ap- 
plied to the patients.— This, I think, 
feems to be a pretty general confequence 
** of eledtrification 5 at leaft, I have myfelf 
known many inftances of it; particu- 
larly in one gentleman, whom I clcc- 
^* trified for a paralytic complaint, and 
** who had a blifter applied to the back 
** part of his neck. He informed me, 
•* that, in the night after his being elec- 
trified the preceding day, he found a 
much more copious difcharge from the 
'* blifter than at other times;, though the 
** operation was no more than his ftand- 
** ing, for about a quarter of an hour, on 
** the infulated ftool, while fparks were 
** drawn from the fide of his face. From 
" hence it appears not impoflible, that, in 
'* fome cafes, blifters may be attended with 
peculiar benefit, during a courfe of elec- 
trical treatment; in others, perhaps, it 
might be worth while to make ufe of 
Eleftricity, merely to obtain a favourable 

•* difcharge from the blifters.*' 
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Authentic pbyjical Cq/es^ iA which EleSiricity 

was admintjiered* 

C A S E I. 

The particulars of tlic foHowirig cafe 
were communicated ta ihc by Mr. Par- 

TrifGTON. 

Dii?NiEL WYS<:ayL, aged thirty-fix, of a 
ftrottg robuft cbnftkutionj was fcnt from 
the WefttnSfifter Difpenfary, in Gerard- 
ftreety to-Mn PARTINOTo^r, in order <o bt 
cleifhifiid for^ a violint infkmmatida hi 
both hfs ejres; The account be gave of 
his diforder, was the following :— Several 
dark obje£bs of di^rent fhapes and iizes, 
fcemcd at firft to obftruS his fight. This 
was fitcceeded by an inflammation in bodl 
his eyes, which increafcd with' foch rapi- 
dityy dlat in a week's time he w^s broujght 
to tr^ degree of blindnc& tiiat afflicted 
him* \!A\ he was dedlxified; Eb was im- 
mediately recommended to the Wcftmin- 
fter DifJ>enfary, where every poflible af- 
teMion was* paid to hts^ misibrcime 1^ 

- Mrt 
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Mr. Ford, the furgeoh of that pidce i 
but the obfliiiacy of the diforder was fuchi 
that every endeavour m?iiie towards the 
relief of this poor man proved lifelefs.-^ 
Blifters and leeches, befides the other ufual 
means, were applied without any efficacy 
whatever. 

About two months after ttie conimente- 
ment of the inflammation, Mr. F^ord re- 
commended him to Mri Partington; 
who, on examining him, found that the eye- 
lids could not be opened without the help 
of the fingers, and that when opened^ thd 
coats of the eye appeared of an uniform red 
cofoilr. The fight of the right eye, which 
was the moft dffeded, was fo far impaired, 
tliat when it was turned towards a window^ 
the eye-lids being forced open^ he coilld 
perceive only a red glare of light like a ball 
of fire ; but the reft of the room feemed to 
be equally dark, fo' that he could not diftin- 
gui£h any obje<9t in it. With the left eye he 
could diftinguifti colours, and the (h apes of 
objefls that were held to him, but in their 
fizes 'he was commonly mfftaken. This 
diforder viraS accompanied with excruciating 

Ma pains. 
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pains, (hifting from one part to the other^ 
but principally infixing on his temples, 
an^ fometlmes darting to the back part of 
his head, or to the centre of his eyes. 

Mr. Partington began to eledrify 
him the 21ft of Odlober, 1776 ; and three 
> days after the inflammation began vifibly to 
abate, and in a fortnight's time it was quite 
fubfided ; but the pupil of the eye was io 
nearly clofed, that fcarce any of it could 
be feen. He continued to be cleiSrified 
every day for five weeks, and the pupil 
gradually dilated, till he attained a degree 
of fight fufficicnt to diftinguifh objed:s 
on the other fide of the way. The pains 
had now entirely left him, fo that he 
Emitted the ufe of Eledlricity, and did not 
experience any farther inconvenience after 
it. 

This remarkable cure was efFedted by 
throwing the ftream of eledlric fluid with 
a metal, and with a wooden point. The 
firfi: infirument ufed, which was contrived 
by the late Mr. Ferguson, confided in a 
pointed brafs wire, faflened by means of 

a cork 
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a cork at the fmaller end of a conical glafs, 
open at both ends, and paffing through 
the axis of this conical or funnel-like 
glafs, its point came within about half aa 
inch of the larger aperture of the glafs* 
This inftrument being defigned to throw 
the eleftric fluid upon the eye, was to be 
fixed fo that the larger aperture of the glafs 
furrounding the eye kept its lids open, and 
the point of the wire was oppofite to the 
pupil, and about half or one inch from it. 
With this inftrument it was obferved that 
a fpark often proceeded from the point of 
the wire, which occafioned an infuflferable 
pain ; for which reafon Mr. Partington, 
who fpares no pains to advance this branch 
of phyfic, thought of improving this inftru- 
ment by fixing a wooden point upon the 
pointed wire, by which means the former 
inconvenience was entirely removed, and 
the ftream of eleftric fluid was rendered 
more efficacious, and more eafily manage^ 
able* 

This, as far as I am informed, was the 
firft time that this moft excellent method 
of throwing the eleftric fluid, viz. with a 
woodeo point, was ufed» 

M 3 . N. B. The 
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N.B.. The dire<fiors ieferibpd ia th^ 
or^eding p9ge$« the pnppipjtl of which 
^^rc cpntriyed by Mr. Pasitington, 
anfwer every required purp.of?, mpch better 
than the above-deftrjihed ^nftrunjp.nt pf 

lyir. Fl^RGUSON. 



CASE II. 

The folio wiiig cafe is related by Mr« 
LoYETTf iiJ bi* EkStricity rendered ufeful: 

« 

*^ Having gbferved the great edicacy^ of 
the ekiStrica} 9ether> in fboo relieving moi): 
kind^ pf ifl&axnroatioQS^ J was inclined to 
think the fame f^latary ef&ds woul4 ap*- 
pear whe^ applied to the St. Anth.ony's 
if'if^ y but when a cafe of thaf fort offered^ 
the inflammation was fo gr^at, that at firft 
fight I almoft deipaired of fuccefs, 

. ^* About the middle of the day | made 
the firft trial, and before night the fwelling 
was much abated, and in a fe\y dSys quite 
(Cured. 

•f The operation was (imply drawing 
fparks with a finger^ or aa iroji %le, while 

the 
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the pcrfoa was eledtrificd on the infulating 



CASE III. 

The followiog cafe is alfo related by 
Mr, LovETT : 

. ** Ann Thompson, in Little Fifh-ftrect, 
Worcefter^ was troubled with a iillula neajr 
the inner corner of her eye^ which broke 
out» and healed^ no lefs than feven times* 
The laft time it heakd, it continued well 
for fome time ; after which it began with 
a fmall fwelling, and continued growing 
larger^ till it was as big a^ a filbert; when 
(he was advifed to try Ele&ricity. After 
the fwelling was eledtriiied, it fbon de* 
cceafed, till it was entirely diiperied; and 
has continued well for more thaa two 
years, without the leaft fymptom of any 
reiturn of the diforder. — The operation 
was (imply drawing fparks from the part 
aflfeifted/' 
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C ui S E IV. 

The late Mr. Ferguson being at Brif- 
toU was feized with a violent fore throaty 
fo that he could not fwallow any thing. 
Being willing to try the power of Elec- 
tricity, Mr. Adlam, of that city, per- 
formed the operation ; which was merely 
drawing fparks from the throat. The 
electrization was repeated ; half an hour 
after, and was attended with fb good and 
remarkable an efFedt, that in about one 
hour's tyne Mr. Ferguson could both eat 
and drink without pain. 

CASE. V. 

The following two cafes are related by 
Mr. John Birch, Surgeon. 

*' A young woman, at the age of twenty^ 
two, defired my advice for a tumor on her 
thigh, which followed an unhappy acci- 
dent (he met with two years before. Hfer 
cafe was attended with many complicated 
fymptoms^ anjl^^impng themj^ a fuppref- 
-•;:• fion 
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fion of the menfes, which had lafted fcven 
months. I thought it right to relieve, if 
poflible, this fymptom, before I proceeded 
to perform the operation, which was ne- 
ceflary for the tumor. 

** For three fucceflive days I paflcd fome 
cledric fliocks through the region of the 
pelvis I and on the fourth, £he was attack- 
ed with a violent pain in her fide, which 
left her on applying the (hocks to that part. 
In about three hours it returned, and I was 
fent for. I repeated the (hocks, and the 
pain again vani(hed. I vifited her fix hours 
after, when the pain had begun to attack 
the fide. — I pa(red a ftronger (hock, which 
removed it, and (he flept well the whole 
night.— The next day, being the fifth, the 
menfes appeared, and flowed gently for 
three days ; but ceafing then, the pain of 
the fide returned, and was fo violent, that 
I was fent for in a hurry. — When I came 
to her, I found her in great agony ; but be- 
ing informed of the caufe, I begged to 
make trial of Electricity once more, which 
£he readily confented to, as (he had ex- 
perienced fuch inftantaneous relief before. 

•-On 
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*^On its application, the pain ccafcd. — A 
yeiy ihort time after, the flux came on, and 
continiied two days.-r-I attended her for 
&«eral weeks after, uppn the former ac« 
count, and had the pleafure to fee her re- 
cover from all her complaints." 

C A S E VI. 

*' I was fer\t lor to a lady, who had 
been a^idled wiilb painful ulcers on both 
her legs, ior auMfi than iifteco months* 
•—They came after a lying-in, and bad 
never hqa^ed. The legs were fwelled, but 
the ulcers had xxo maligpaot appear- 
anqe% — Sl>e tojd xae, that fince her laft 
mifcvriage, which was then more than 
tea wonths, fhe had never been regular* — 
She slttributed the pain and fwelUbg of 
her legs, to that caufc ; and, upon enquiry, 
J found that (he was f^nfihle of an endea- 
vour of nature to relieve h^felf at regular 
periods, and that the pa^n flje fuffqned at 
t3^ok times wa^ all^yiated by a bloody dif- 
chafge fr<H9 the ulcers. —^ I applied the 
proper dre^^ngs ^d bandages to the parts, 

and waited the approach Qf that period. 

In 
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la »bQyt ten days^ a pain feized her b^k» 
aud (be begaij to coxnpUin of h^ legs : I 
tUea el^iarifvcj her j and the n^xt day flic 
lyas t^k^n oat of otder^ and continijicd {9 
the whole week.— Th* ukers mended feom 
ihat time, and wore healed ip, three y/^eks 
afterwards/' 

The reader may reft affured^ that cafes 
pf this lort a,re ib frequent, that perhaps 
EkiStricity may be confidered as a fure re- 
medy for the arreft of thofe natural fluxes* 

CASE VIL 

The following cafe is extracted from the 
Lxviiith volume of the Philofophical 
Tranla<5tions. 

A Cure of a mufcular ContraBion by EJec^ 
tricity. By Mr, Miles Partington, 
in a Letter to Wm. Henly, F* R, S. 

Charhs-JireeU Cavendijh'jquare^ 
June 13, 1777, 

^«DEAR SIR, 
** It is fomc time fince, you informed 
f ^ xx^ that you had mentioned to Sir John 
3 • i* Pringle^ 
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Pringle, Mifs Lingfield's cure by 
Eledricity ; that it excited his attention ; 
and was his opinion^ that the com* 
munication of it to the Royal Society 
** would be deemed important and ufeful. 
I hope you will not blame my delay in 
the compliance with your requeft. I 
have waited for no other purpofe, than 
^^ to obtain the lateft account of the per- 
*' manency of thofe good efFedts, which 
** fhe had then but recently experienced, 
♦* from our eleftrical experiments upon 
her. Of thefe advantages we have both 
had repeated confirmation ; and I may 
now, I believe, with ftrift propriety, 
** from the notes I made for my own fatis- 
fadion, fubmit the following particulars 
of them to the infpedtion of whomfoever 
your judgment (hall diredt, or to appro- 
priate them to any other purpofe you 
pleafe. As you were prefent when I firft 
waited on this unhappy young lady, you 
•* will recoUedl the condition in which we 
** found her. Her head was drawn down 
" over her right (houlder ; the back part 
'* of it was twifted fo far round, that her 
*' face turned obliquely towards the oppo- 

'' fite 
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** fite fide, by which deformity (he was 
*• difabled from feeing her feet, or the fteps, 
** as (he came down flairs. The Jierno^ 
•* mojioideus mufcle was in a ftate of con- 
traction and rigidity. She had no ma- 
terial pain on this fide of her neck ; but, 
owing to the extreme tenfion of the 
teguments of the left fide, (he had a pain 
continually, and often it was very vio- 
lent, particularly in fudden changes of 
*' the weather. Her pulfe was weak, 
** quick, and irregular. She was fubjeiSt 
** to a great irritability ; had frequently a 
*' little fever, which came on of an even- 
ing, and left her before morning: her 
fpirits were generally exceedingly op- 
prefled; and at times fhe was flightly 
paralytic. 



it 
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** She dated the origin of her diforder 
at fomething more than two years froni^" 
that period. She was fuddenly feized, 
going out of a warm room into the cold 
air, with a pain upon the back of her 
" head, which admitted of fmall abate- 
ment for fbme months, contrafting gra* 
dually the mufcles to the melancholy 

*' deforniity 
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*^ deformity we then behdd; and not- 
*' witHftariding every prudent means had 
beeh u fed to fubdue it, and fhe ftridly 
adhered to every article prefcribed to her 
*^ by the faculty, fhe was fenfible of little 
^^ variation fince, and that ratheir on the 
'* unfavourable fide, 

/** I urged her to make a tfiil of Ele^ri- 
*' city. She was willing while fhe was in 
^* London to try the experiment ; and 
^^ though the weather was remarkably 
^* tempefluous, (he came to me fhe firfl 
** tolerable day, and was elcftrified the firft 
5^ time, February 18, 1777. 

^* I placed her in an infulated chair, and, 
** conneding it by a chain to the prime 
** Condudtor of a large electrical machine, 
*' I drew flrong fparks from the parts af- 
** fedted, for about four niinutes, which 
'^ brought on a very profufe perfpiration 
'^ (a circumflancc fhe had been Unaccuf- 
^* tomed to) which feemed to relax thq 
** mojioideus mufcle to a confiderable degree; 
** but as the fparks gave her a good deal of 
*^ pain, I defifted froni drawing them, and 

<< only 
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** only fiibjcdfccd her a few minutes lohgei? 
**^ to the admiffion of the fluid, which paffed 
•* off without interruption from the pdrdfe 
•' of her fkiri and adjacent parts. The next 
" time (he came to me, was the 24th of 
** the fame month. As (he had been in thtf 
afternoon of the firft day's experiment a 
good deal difprdered, I changed the nfdde 
♦* of conduiftingthe operation, ahd fat her itf 
*' a common dining chair, while I dropped; 
** for fi^e minutes, by the means of a \zrgti 
'* difcharging rod with a glafs handle, vtry 
" ftrong fparks upon the mojiddeus mufeid, 
** from its double origin at ihtjierntm and 
'* clavicula to its infertion at the back of thtf 
** head. She bore this better than beford, 
'* and the fame good effect followed in i 
'* greater degree, and without any of the 
'^ fubfequent inconveniences. I faW he¥ 
^' the third time on the 27th. She iffrfrctl 
me (he had efcaped her fcverifll fyiiip- 
toms of an evening, and that her fpU 
rits wereraifed by the profpc(9iof gect*in^ 
*^ well y that fince the laft time I et6<3irf- 
*' fied her, (he had more freedom rnr tlW 
** motion of her head, than (he had ever 
^^ experienced fince the firft attack of her 

^* diforder. 






1/6 A Complete Treatise 

*^ difordcr. I pcrfifted in clcarifying hcf 
*• after the fame manner, March 3d, 5th, 
6th, 7th, and 9th ; from each time (he 
gained ibme advantage, and her feverifh 
tendency and nervous irritability went 
off entirely. 






€€ 



** The weather now fetting in very un- 
V favourable, and fearful of lofing the 
advantages we had happily reaped from 
our early efforts, I requefted the favour 
of you, as the next-door neighbour, t6 
** ele(3:rify her every evening while fhe 
** 'was in town, and (he might, if any al- 
** teration took place, fee me occafionally, 
** Fortunately for her, you accepted the 
** propofal ; and to your judgment and 
'* caution in the conduft of it, for the next 
fortnight (three evenings only excepted) 
you brought about the happy levent; and 
** have received her teftimony of gratitude, 
*^ for relieving her from a condition, under 
•* which life could not be defirable, to a 
** comfortable aflbciation with her family 
" and friends. 

'' I am, &c." 

, *« The 
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. ** The method I ptirfued was, to place 

the lady upon a ftool with glafs legs, and t© 

draw ftrong fparks, for at Icaft ten minutes, 

from the mufcles on both fides of her tieck. 

Befidesthis, I generally gavehef two (hocks^ 

from a bottle, containing fifteen fquate 

inches of coated furface^ fully charged^ 

through her neck and one of her arms^ 

crofling the neck in different diredlions* 

This treatment fhc fubmifted to with a 

proper refolution ; and it gave me fincere 

pleafure to find it attended with the defired 

fuccefe. 

W. Henly." 

CASE VIIL 

The following cafe is extracted from the 
Lxixth voh of the Philofophical Tranf-* 
addons* 

% 

jin Account of a Cure of the St. Vitus' s Jbance^ 
byEleBricity. In a Letter from Aut'roiiy 
FoTHERGiLL, M. D. F* R, S. at Norths 
ampton, to W. Henly, F. R* S. 

Northampton^ OSI. 28, i^yS. 
1 R, 

Agreeable to my promife, I now pro-. 

ceed to give you fome account of a recent 

Vol. II. N cure 
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cure performed by Electricity, which ^ill> 
I think, afford you much pleafure* 

Ann Agutter, a girl of ttn years of 
age, of a pale emaciated habit, was admitted 
an out-patient at the Northampton Hospi- 
tal on the 6th of June laft. From her 
father's account it appeared (for (he wad 
fpeechlefs, and with difficulty fuppdrted 
from falling by two afliftants) that fhe had 
for fix weeks laboured under violent con- 
vulfive motions, which afFeftcd the whole 
frame, from which fhe had very (hort in- 
termiffions, except during fleep; that the 
difeafe had not only impaired her memory 
and intelleftual faculties, but of late had 
deprived her of the ufc of fpeech. 

Volatile and fetid medicines were novr 
recommended, and the warm bath every 
other night, but with no better fucceis,' 
except that the nights, which had been 
reftlcfs, became fomfewhat more compofed. 
Blifters and anti-fpafmodics wete diredied, 
and particularly the flowers of zinc, which 
were continued till the beginning of July, 
but without the leafl abatement of the 

fymptonis ; 
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lymptoms ; when her father growing im- 
patient of fruitlefs attendance at the hofpi- 
tal, I recommended, as a dernier reforty a 
trial of feiedtricicy, under the managerijent 
of the Rev. Mr. Underwood, an ingerii- 
bus eleflrician. After this I heard no more 
of her till the firft of Auguft, when her fa- 
ther came to inform me that his daughter 
was well, and defired (he might have her 
difcharge. To which, after exprcffing my 
doubts of the cure, I confented 5 but fliould 
not have been perfedlly convinced of it, had 
I not received afterwards a full con firmatioa 
of it from Mr. Underwood, dated Sep^ 
tember 16 ; an cxtraft from whofe letter I 
will now give you in his own words. 

** I have long expected the plcafure of 
*' feeing you, that I might inform you 
** hqw I proceeded in the cure of the poor 
** girl. As the cafe was particular, I have 
** been very minute, and wifti you may 
** find fomething in it that may be ufeful 
^* to others^ If youihink it proper, I be^ 
** you will ftate the cafe medically^ arid 
** make it as public as you plcafe. 

N a ' ** July 
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** July 5. On the glafs-footed ftool for 
^* thirty minutes : fparks were drawn from 
** the arms, neck, and head, which caufed 
** a confiderabje perfpiration, and a rafh 
*^ appeared in her forehead. She then 
** received fhocks through her hands, arms, 
** breafts, and back ^ and from this time 
*^ the fymptoms abated, her arms begin- 
** ning to recover their ufes *• 









" July 13. On the glafs-footed ftool 
forty-five minutes : received ftrong 
ftiocks through her legs and feet, which 
from that time began to recover their 
wonted ufes 5 alfo four ftrong fliocks 
through the jaws, foon after which her 
fpeech returned. 



*^ Jul)^ 23. On the glafs-footed ftool 
^* for the fpace of one hour : fparks were 
** drawn from her arms, legs, htad, and 
brcaft, which for the firft time (he very 
fenfibly felt ; alfo two ftiocks through 
the fpinc. She could now walk alone ; 
** h^r countenance became more florid, 
'* jind all her faculties feemcd wonderfully 

♦ The coated bottle held near a quart. 

^ J '• ftrengthened; 
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^^ ftrengthencd ; and from this time flie 
*' continued mending to a ftate of perfcd: 
^' health. 



€£ 



Every time (he was eledrified po(i-»» 
tively, her pulfe quickened to a great 
degree, and an eruption, much like the 
*' itch, appeared in all her joints/' 

Thus far Mr. Underwood. To com- 
plete the hiftory of this fingular cafe, I 
this day (Oil. 28) rode feveral miles, on 
my return from the country, to vifit her 5 
and had the fatisfadion to find her in good 
health, and the above account verified ia 
every particular; with this addition, that 
at the beginning of the difeafe^ (he hadi 
but flight twitchings, attended with run* 
ning, flaggering, and a variety of invo- 
luntary gefticulations, which diftinguifh the 
St, Vitus's Dance; and that thefe fymp- 
toms were afterwards fucceeded by convul-* 
flons, which rendered it difficult for two 
afliftants to keep her in bed, and which 
foon deprived her of fpeech and the ufe of 
her limbs. The eruptions which appeared 
on the parts eledrified foon receded, 

N 3 without 
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without producing any return of the fynip- 
toms,' and therefore Could not be called 
critical, but merely the efFe6t of the eledtri- 
cal ftimulus. Having given her parents 
fome general direftions as to her regimen, 
&c. I took my leave, with a ftrorig injunc- 
tion to make me acquainted, in cafe (he 
Jfhould happen to relapfe. Before I con- 
clude, it may not be improper to obferve, 
that fome time ago, I was fortunate enough 
to cure a boy who had long had the St. 
Vitus*s Dance (though in a much lefs de- 
gree) by Eledricity. A violent convulfive 
difeafe, fbmewhat fimilar to the above, 
though, if I recolleft right, not attended 
with the aphonia, was fuccefsfully treated 
in the fame way by Dr. Watson, and is 
recorded in the Philofophical Tranfadions. 
May we not then conclude, that thefe fafts 
alone, and more might perhaps be produc- 
ed, are fufficient to intitle Eledtricity to a 
diftingui{h?d place in the clafs of anti-fpaf-* 
medics ^ 

I amj &;c« 
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Q A S E IX. 



The following is one of thofe cafes in 
which the ufe of Eledricity was attended 
with bad fuccefs : this cafe was related by 
Dr. Hart of Shrewfbury, See the Philo^ 
fophical Tranfa<5lions, Voj,, xivm. 

A girl, aged about fixteen, whofe right 
arm was paralytic, being eleftrified the 
felcond time, became intirely paralytic, and 
remained in that ftate for about a fortnight; 
then the fuperaddcd paralify was removed, 
by rnean^ of fome medicines 1 but the arm 
which was before paralytic, remained ib. 
It Hiould be alfo added, that this arm was 
very much wafted in comparifon to the 
other. Notwithftanding the firft bad ac- 
cident, it was refolved to make another 
trial of Eledricity. But after ufing this 
treatment for three or four days, (he became 
again univerfally paralytic, and even loft 
her voice, and could fwallow with difficul- 
ty* This iecoad accident plainly (hewed 

N 4 th« 
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the bad cfFefts of Eleftricity in that cafe, 
and the girl, although afterwards relieved 
of her additional paralify, remained in the 
fame ftatc (he was before the ufe of Elec-^ 
tricity. 

In this cjafe, it is fufpedled that Ele6lri-p 
city was improperly managed \ at that time 
it being ufual to give ftrong jfhocks, which 
perhaps were pernicious in the above* 
rpcntioned cafe^ 



CASE X. 

The following cafe was performed under 
the direction of the learned Dr. Wm. 
Watsqn, F. K. S, 

A girl belonging to the foundling-hofpi- 
tal, aged about feven years, being firft feiz-^ 
ed with a diforder occafioned by the worms, 
was at laft, by an univerfal rigidity of the 
mufcles, reduced to fuch a ftate, that her 
body feemed rather dead than alive. After 
th^t other medicines had been inefFedlually 

admin iflerecj 
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adminiftered for about one month, fhe was 
at laft electrified intermittedly for about 
tv?o months, after which time (he was fo 
far recovered, that ftie could, without pain, 
exercife. every mufcle of her body, and per- 
form every acflion as well as before (he had 
the diftemper. 



The intelligent reader muft have un- 
doubtedly remarked, that in fome of the 
above cafes, the eledlrization adminiftered 
was rather ftrong, and different from the 
general rules given previous to the narra- 
tion of the cafes. Put it muft be obferved, 
that fome of the above cafes happened 
before the principal methods of eledtrify-- 
ing, which are now ufed by the beft prac- 
titioners, were introduced.-^Perhaps, in fi- 
milar cafes, the fam? falutary event n?ight 
be produced by a more gentle eledlrization^ 
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^ Letter fromMv. Miles Partingtom 

to the Author. 

Cavmdijh Sjuare^ Juguft tbi lOtb, l^il% 

SI R, 

As the poflibility of a cure of a iiftula 
lacrymalis by Eleftricity has been publicly 
queflioned^ I am very glad to comply with 
your requeft, in dating the fuccefsful treat- 
ment of a difeafe of this kind under my 
own infpe(^ion. 

Ann Woodward, between 20 and 30 
years of age, was recommended to my care 
by Mrs. Swift, of King Street, Bloomf- 
bury, in whofe fervice fhe then lived — I 
was told flie had a fiftula lacrymalis, which 
had refifted every attempt to relieve her^ 
I (hall defcribe the fituation fhe was in 
when I firft faw her, and (hall add her own 
account anterior to that period. There was 
a very violent inflammation in the left eye, 
attended with exceflivc pain, and almoft 
continual flux of tears down the cheek, the 
fharpnefs of which had confiderably exco-» 

riated 
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riated the flcin, A little prominence was 
perceivable on the inner angle of the eye, 
from which might be generally prefled a 
fmall quantity of matter. The inflamma- 
tion had been kept up with little abatement 
for fix months, during which time a cooling 
regimen had been particularly enjoined her, 
and was ftriftly complied with. Since the 
inflammation became violent, (he had con- 
ftantly awoke in pain,^ which laftcd till 
twelve o'clock at noon, and was then tole- 
rably eaiy the reft of the day. She told me, 
that (he had, as long as (he remembered, 
been fubjedt to a weak and watery eye, but 
it had never given her much concern, till 
(he received a cold in it upon her coming 
to London. In every other refpe(3: flic was 
remarkably healthy. 

My firft objed was to relieve her of the 
pain. For this purpofe I conveyed the 
eled:ric fluid from a wooden point, which 
generally at the time blunted the accute- 
nefs of the fenfation ; but which, if by 
bringing it near to her eye the fluid was 
concentrated, it always increafed it to a 
great degree, though this went oflf by 

being 
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b^ing left to itfelf, or repeating the milder 
method. I continued in this courfe of 
treatment for three weeks, when the in- 
flammation was- nearly fubfided, and the 
. pain entirely gone away. Still perceiving 
the matter to ooze from the inner angle, 
I ventured to pafs a fingle ele<5tric (hock 
down the du6l of the nofe, which I effedl- 
cd by placing one of the diredlors upon the 
lacrymal fac, and the other up the noftril, 
for the convenience of a more immediate 
local conveyance. This gave her much 
pain after the operation, and it remained all 
the reft of the day. I found in the morning 
tliat flic could hardly bear me to prefs upon 
the fac, and very little matter can^e from it. 
I then pafled four lliocks, in the frnalleft 
degree I could convey them, and to be felt, 
which were not attended with fo much pain. 
At bed-time there ^arpe on a great throb-p 
bing in the part, and in the courfe of the 
night a large quantity of rnatter burft down 
the noftril, when flie became immediately 
cafy. Some matter continued to come away 
for about four days, and {he appeared to be 
perfedlly well. Her eye h^s been iince iix 
4 ftronger ftate than it ever was before. 

If 
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If this fhould ftill want additional 
flfength, I am willing to give you farther 
inftances of relief in this difeafe by Elec- 
tricity, though they have not been fo ciFec- 
tually cured. 

I (hall now add a few obfervations, which 
may perhaps merit your notice. In order 
to increafe the power of eleftrization, I 
have added a very large coated jar to the 
prime Condudlor of my eledlrical machine* 
This jar is placed upon a mahogany ftand, 
fo that the knob of it touches the Conduc- 
tor. The infulated chair is alfp in contadk 
with the faid Conduftor, and the patient is 
feated in it as ufual. With this difpofition 
of the apparatus, the wheel of the machine 
is firft turned a few times round j then I 
apply the metallic rod to the patient, in or- 
der to draw the fparks through the cloaths,. 
or the ftream of eledlric fluid by a wood- 
en point, if the difeafe feem to require 
fuch treatment; and I find, that by this 
means the efFefts of the eledlrization arc 
confiderably increafed, the pungency of the 
fparks is felt much deeper into the eledtri- 
ficd part of the body ; the heat occafioncd 

by 
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by it is alfo greater, and therefore feems 
to be more efficacious for internal com- 
plaints. Add to this, that the ufual incon-* 
vcnience of the diffipation of the elecflric 
fluid into the air is confiderably prevented. 

r 

This difpofition of the apparatus does 
alfo anfwer another purpofe, which is that 
of cledrifying a patient, without having 
any affiftant in the room ; for after the jar 
is charged, the turning of the wheel may be 
difcontinued, and the patient may continue 
under the cleftrization.- No (hock is to be 
feared from this apparatus \ for, fince the 
wooden ftand upon which the jar is fixed is 
a bad Conductor, the difcharge can only be 
made gradually. 



/ 



I have made another addition to my di« 
reftors, or rather have contrived a new di- 
re<9:or, by which an ele<ftrified ftream of 
water or other fluid is thrown upon any 
part of the body. This direiftor confifts 
of a fmall glafs tube about 3 inches long, 
and a quarter of an inch in diameter, one 
extremity of which is drawn to a very fine 
point, fuch as the water can hardly pafs 

through. 
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through. This tube I faften to an infulat- 
irig handle, which being made like a pair 
df pincers, holds it by the ndiddle ; I theri 
pour a little water or other fluid into the 
tube, and by means of a Wire connect it 
with the prime Condudor. When thfe 
machine is in motion, the dream of water, 
which the electric fluid forces out of tlio 
tube, is very much fubdivided, and; wh^ii 
dirc(3:ed upon the face, or any naked part 
of the body, gives ah agreeable fenfation, 
which not only proves very refrefliing to 
patients, but in cafes of great irritation of the 
nerves is oft6n attended with permanent re- 
licf. The fhoft experience I have had of 
thefe dire<Aors does not enable me to de-> 
termine how far they may be ufeful ; but in 
feveral inftanccs they have afforded confi- 
derable relief, when other modes of elec- 
trization proved ufelefs. 

In the courfe of my pradice, I have ob« 
fcrved a very remarkable efFe<ft of Eledtri- 
city upon the human body, which is, that 
it removes coftivenefs in thofe perfons that 
are eledrified, efpecially along the courfe 
of the alimentary canal. I mufl: obferve, 
6 that 
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that it does by no means increafe the eva<^ 
cuations of ordinary good habits of body, 
but only reinftates thrufual difcharge in caie 
of coftivenefs* This eiSFedl fcems to take 
place becaufe the electrization gives vigour 
and energy to the fibres of the debilitated 
inteftines^ in the fame manner as it re«> 
Acres the lofl: motion of more external 
mufcles. 

I am^ 

Dear Sir, 

Yours, &c. 

Miles Partington. 



A Letttr 
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A Letter from Dr. James Lind to the 

Author. 

Wind/or y June thg 17/*, 1784. 
DEAR SIR, 

I here fend you the account of a remark- 
able cafe relieved by Elc<9:ricity whilft I 
was at Bombay : if you think it worth 
publifliingy I beg you will iniert it in the 
next publication of your Medical Ele<3:ri- 
city. 

** The wife of an officer of the artillery at 
Bombay, during the laft months of her 
pregnancy, gradually loft the ufe of her 
lower limbs, as if it had been a paralyfis, 
occafioned by the preflure of the foetus 
upon the nerves which go to thofe extre- 
mities. Her pregnant ftate did not allow 
the application of any remedy for the relief 
of the difbrder. She came to her full time, 
was fafely delivered, and though fhe foon 
recovered in every other refpedt, yet, con- 
trary to every expedation, the paralyfis ftill 
remained; nor could it be in the leaft rclicv- 

VoL. II. O «d 
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cd by any of the various medicines, which 
were adminiftered for about fevcn months^ 
v?hich hid elapfed from the tiifte of hcf de- 
livery, and until I fitft vifited her, which 
was in June i78o. 

• . ■ - 

" Upon enquiry finding that, of the many 
remedies likely to afford any relief in ftich 
ft cafe, Eleflricity alone had not yet been 
tried, I immeciiatery recommended the djji 
pltcatioh of it. But the difHcuIty was to 
excite an electrical machine ih an atmo^ 
fphere fo exceffively moift as that of Borh- 
bay was at that time, the rainy fcafon being 
already fet in j however, the hufbarid of the 
patient, being the fiijierintcridant bf thd 
Military Laboratory of that place, firopofed 
to try whether an cleSrical machiiife coula 
be made to a6t in a heated robm ; fuch aji 
they ufcd for the drying of gunpdvi^der. 
Accordingly a fmall ftucco'd room in his 
houfe was heated by means bf bui-iiiHg bhar- 
coal, then the doors and windows it^erc 
throv^rn openi and an eleftricdl machine 
being brought in, was found to ddt very 
powerfully. Things being thus prepared; 
my patient began to be cledrified, ifirfl by 

3 |;iving 
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giving fparks to her legs and thighs, and 
afterwards by j>affing about twenty very 
fmall fhocks up one leg and down the other. 
The effect wa^ really furprifing; for, after 
the firft elecftfization, (he was fo far relieved 
as to be able to walk up fome fteps without 
any help, which (he had not been able to do 
for many months beforfe. By the fecond 
days ele<9:rization, which was performed ex- 
adlly as in the preceding, .fhe was enabled 
to walk out, and vilit feveral of her friends 
in the neighbourhood. The third day's 
eledtrizatien compleated the cure, and fhe 
went about with all the eafinefs and alacrity 
in the world. I afterwards received a letter 
from her hufband, dated May the 29 th, 
178 1, informing me of her continuing in 
perfedt health." 

Faithfully yours. 
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OF THE VINDICATING ELECTRICITY* 

!• yV B> ^K %. 6, of Plate IV. reprefents 
jlJL a plate of glafs, coated on both 
fides with the two metallic coatings CD, 
cay which are not fluck to the glafs plate, 
but are only laid upon it. 

From the upper coating CD, three filk 
threads proceed, which are united at their 
top H, by which the faid coating may be 
removed from the plate in an infulated 
manner, and may be prefented to an eledlri- 
fied eleftrometer, as reprefented in fig. 7, 
in order to examine its Eleftricity. F G is 
a glafs fiand, which infulates and fupports 
the plate, &c* 

z. Let 
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2 Let the plate A B, ab^ be charged in 
-the common manner, by means of an elec- 
trical machine/ fo that its furface A B may 
acquire one kind of Elciftricity, (which may 
be called K) and the oppofite furface a b 
may acquire the contrary Eleftricity, 
(which we fhall call L), Then, if the 
coating C D be removed from the plate, 
and be prefented to an elcftrified eledro- 
meter, as reprefented in fig. 2, it will be 
found poffefled of the Eleftricity K, viz. 
of the fame kind with that which was 
communicated to the furface AB of the glafs 
plate ; from whence it is deduced, that the 
furface A B has imparted fome of its Elec- 
tricity to the coating. Now, this difpo- 
fition of the charged plate to give part of 
its Ele£tricity to the coating, is what the 
learned F. Beccaria nominates the Ne^ 
gative vindicating EleSiricity. 

3. If the, coating be again and again 
alternately laid upon the plate and removed, 
its Ele<9:ricity K will be found to decreafe 
gradually, till after a number of times 
(which is greater or lefs, according as the 
edges of the plate infulate more or lefs ex- 

O 3 aaiy) 
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aAly) the coating will not appear at all 
cledtrified. This ftate is called the limit qf 
the two contrary EleSiricities ; for if no# the 
above-mentioned operation of coating and 
tincoating the plate be continued, the coat- 
ing will be found pofleffed of the contrary 
Elcdricity, viz. the Eleftricity L. This 
Bledlricity L of the coating is wdak on its 
firft appearance^ but it gradually grows 
ftrongcr and ftronger till a certain d^ree 5 
then infenfibly decreafes^ and continues de«> 
creafing until the glafs pkte has entirely loft 
every fign of Eleftricity* 

By this change of Elefliridty in the 
coating, it is deduced , that the furface A 6 
of the glafs plate changes propbrty ; dnd 
whereas at firft it was difpofed to'paft 
with its Eledtricity, now {viz* beydnd tie 
limit of the two contrary EJeSlricitiesJ it 
feems to vindicate its own property, that is, 
to take from the costing fome Elediricity of 
the fame kind vvith that of which it was 
charged : hence this difpofition Was by F. 
Beg CAR I A called the Pqfitive vinaicatin^ 
EleSiricity. 

A, This 
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4. This pofitive vindicating EkiStricity 
never (changes^ though the coating be 
touched every tinie it is removed. It ap- 
pesLjs ftrongef, and 1 aft s a very confidcrablc 
time after the plate has been difbharged ; 
which is a very furprifibg property of glafs^ 
and probably of all good and iblid eledtrics^^ 

5. If, foqn j»ft^r Jtbc ^ifchajge^ of the 
plate,, the coating Jpe ajterpatcly taken ft^ 
the plate, and replaced,, bijit with ^he fol- 
lowing law, viz. that when the coating is 

uppnthe plate, both ccjatingsJbe ^pviqbed at 
theian^e time, and when the costing is ^, 
this , be either touched or npt ; then tlje 
,;furface A B of the plate, on bejng qpcoated 
.every time, tafaes a quantity of Ejedlricity, 
which it alternately lofes every tjme it is 
coated *• 

6. On removing the costing in a dark 
room, a £ia(h of light appears between it 

-and the glafs, which is ilill more confpi- 

^.Xbis Qxay be pfoyed by touching an infulatecl 
d^Arc^eter with, the coating, >vh^n this is ft and in^ 
u£oa;th€ plate, and when ieparatpd from it. 

O 4 CUOUS, 
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cuous> if the coating be removed by the 
• fingers being applied immediately to itj 
viz. not in an infulated manner; becaule^ 
when the coating is not infulated, the glafs 
plate can give to, or receive from it, more 
of the electric fluid, and that more freely^ 
than otherwife. 

y. It is obfervable, that in the hegative 
vindicating Eledricity, the glafs lofes a 
greater or lefs portion of Eledlricity, in an 
inverfe propprtion of the charge given to 
the plate, viz. the part loft is greater when 
the charge has been the weaker; for in 
the pofitive vindicating Eledlricity, the 
force of receiving Eledlricity is the ftronger, 
when the charge hgs been ftrongcr, and 
contrarywife. 

8. If, after every time that the coating 
CD is removed, the atmofpheres E, e, that 
is, the air contiguous to the furface of the 
glafs plate, be examined, they will be found 
eledtrified as in the following table, viz. 
the threads of an ele<ftronieter, brought 
within one or two inches, or more, of the 
furfaces A B, a6, will diverge with Elec- 
tricities 
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tricities contrary to thofe exprcfled in the 
table. 

During the r the air E,r^o^gy^^^jr moderately L 
time of the! if the plate I ^-^ , M ^ 

negative vin.^ has been 1 y^-^ ^ I moderately K 
dicatingElec-l charged (. "^ ^ L 
tricity L the air e is eleftrified L. 

Paring the r the air E 

timeofthepo- 1 , ,«.,,, t 

fitivc vinifcat.-J > ^^ clcarified L. 



P aring the C 
timeofthepo- 1 
(itive vin4ltat-< 
ing Ele&i- I 
city L 




ing 

city LThe air 



9^ Although we are not acquainted with 
the caufe of vindicating Eledlricity, any 
farther than to confider it as a difpofition 
or property of charged glafs, yet the phe- 
nomena of the Electricities of the air, con- 
tiguous to the furfaces of the plate, feem 
to be a proper confequence of Dr. Frank- 
lin's theory of Ele<9:ricity, and are ac- 
•countable by it j for it is a well-known 
principle of that theory, that when one 
fide of a coated eledtric, fit to receive a 
charge, acquires a greater quantity of Elec- 
tricity than the oppofite fide can acquire of 
the contrary Electricity, then both fides 
of that eledtric appear poflefled of the fame 
kind pf Eledtricity, namely, of that com- 
municated 
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inunicated to the firft-mcntioned fide. 
Now,, when in the negative vindicating 
Electricity, the furface A B of the glafs 
|)Iatc gives part of its Elcflir^city to thic 
cpatingy then the ptb^r fide ab^ being more 
electrified L^ than the fide A 3 is elcdri-* 
fied K, it is plain that, according to the faid 
principle, both fides muft appear elp(3xi)^ed 
L. But in the^pofitiye vindicating*Elcftri- 
city, the fide A B of the glafs plate receives 
fome Elciftricity of the kind K from the 
coating, therefore both fides muft afFeift the 
air with the Eieftricity K, 
» 

ID. There remains only to be explajincd 
ike reafbn why, when the plate has re- 
ceived a high charge, the air E, during jthc 
time of the negative vindicating Eltdirici- 
•ly, appears eledtrified K, whi^ft the air e is 
clc^wfied L. In order to render this ex-* 
planation more iptoUigible, let us fuppofe 
the glafs plate to have been elccflrified po- 
•^fitively on the fide AB; then, in the ne* 
gative vindicating Ele<9xicity, the furface 
A B, on being uncoatedt lofes a part of its 
Elc<ftricity, which is iot much the greater 

as the charge V has been 'the lefs (^7.)* 

thereifore. 
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therefore, when the charge has been mo- 
derate, AB lofes a greater portion of eleo 
tric fluid, than that with which the air >^ 
caniiipply the furface ab ; whence the fkrfaoe 
a6 will remain more negatively eleArificd 
than the iurface 'Afi is .pofitively ; coofe- 
quently, according to the :ajbove-raentiQDed 
principle, (§9.) both the jatiiK>fpheccs E, r, 
muft appear in a negathre ftate when the 
charge has been a certain ^degree higher.; 
then ^he furface A B, on being UDCoa£ed> 
lofes juft fo much of the elefikric fluid as the 
^ir e can give to ab, therefore the air will 
not appear eledtrifled. But when the charge 
has been very high, AB lofes a lefs portion 
of eleftric fluid than the air e can give to 
-/li; therefore e, by having given fome of 
its natural eledric fluid to mA, will, appear 
negative, and £ will appear pofltive in a 
fmall degree. If the plate be fuppofed to 
^have been charged negatively on the fide 
AB, the explanation of the phenonoena is 
the fame, changing only .the name of /^ 
*tive Eledricity into negative, &c. 

II. This property of charged glafe, 

called viodlcatingEIedricity, is phfcrvable 

alfo. 
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alfo when two glafs plates^ laid one oyer 
the other, and coated on their outward 
furfaccs only, are charged jointly like one 
plate. Suppofe A B, CD, fig. 8, to re- 
prefent the two plates charged together, 
viz. by havipg prefented the coating F to 
the prime Condudx)r, and having at the 
fame time conneded the coating G with 
the ground, in which flate, it is eaiy to 
conceive, that the upper furface of the plate 
AB would be pofitive, its under furface 
would be negative, the upper furface of the 
plate C D, viz. the furface contiguous to 
the plate A B, would be pofitive, and its 
oppofite furface G would be negative. 
Now if thefe plates, after having been 
charged, be alternately feparated and join- 
ed, without ever touching their coatings, 
it is plain that their furfaces, contiguous to 
one another, whenever the plates are fepa- 
rated, will uncoat each other, confequently 
the phenomena of vindicating Electricity 
will take place, that is, each of the infide 
or naked furfaces, when the plates are firft 
feparated, will lofe part of its Electricity. 
This loft Eledlricity gradually decreafes 
till it vanifties, after which period, each of 

the 
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the faid furfaces will gradually recover part 
of its loft Eledtricity, &c. 

12. By the principle noticed above, 
(§ 9O when one furface of cither plate has 
acquired a quantity of one kind of Eleftri- 
city more than the oppofite furface has ac- 
quired of the other, then both furfaces of 
that plate muft appear pofleffed of that and 
the fame kind of Eledricity ; hence it fol- 
lows, that when the plates A B, CD, arc 
at firfl: feparated for a certain number of 
times, /• e. during the negative vindicating 
Eleftricity, the plate A B muft appear po- 
iitive on both fides, and the plate CD ne- 
gative on both fides ; but after the limit of 
the two contrary EleSiricities^ when the po- 
fitive vindicating EleSricity has taken place, 
then the plate A B will appear negative on 
both fides, and the plate C D pofitive on 
both fides. 

13. The adhefion of the plates to one 
another keeps pace with the vindicating 
Eledlricity ; fo that it is very ftrong at firft, 
but gradually decreafes with the negative 
vindicating Eleftricity, till it becomes in- 

fenfible ; 
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feafibie; but after the limit of the twa 

contrary Eledricities it appears again^ and 
then it increafes and dfecreafes with the po- 
iiiive vindicating Electricity. 

» 
14* Every other particular relating to 

the pbenocnena of vindicating Ekdlricity^ 

exhibited with one plate, does alio take 

|ijacer in the experiment with two plates ; 

except the phenomena coniidered above 

{§ I o»), which the two plates cannot ex* 

hibity on account that they are not capable 

of receiving a. very high charge, as a iingle 

plate is; which high charge is abfolutely 

aeceiSary to produce that appearance. 



NMI, 
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N^ 11. 

feBSEftVAtlONS UtON THE CONDUCTORS 

6* LIGHTNI!^G. 

QiNGE the publication of the Fir ft 
k5 Edition of this Tjrcatife, it happened 
that a houfe belonging to the Board of 
Ordnance^ at Purfleet, was ftruck by light-^ 
nidg, though furnilhcd with a Coiidudlof. 
This accideiit excited anew the controverfy 
relating to the conftruftion of Conduftors 
to fecure houfes from the efFedls of light- 
ning, efpecially relating to their termina- 
tion; and various experiments were made by 
very able Electricians, in order to decide 
the controverted point. Mr. B. Wilson 
and Mr. Ed. Nairne, both members of 
the Royal Society, were the principal ad- 
ors in this experimental inveftigation ; the 
former giving conftantly the preference to 
ibort Condudors terminating in a ball, and 
the latter preferring long Conduftors acute- 
ly pointed .5 which has been and is the pre- 
vailing opinion with almoft all the prin- 
cipal 
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cipal Electricians in England, as well as 
abroad ; beginning from the firft inventor of 
thofe Conductors (the great philofopher 
Doftor Franklin). Mr. Wilson, the 
principal and almoft the fole opponent of 
the Franklinian conftru(fiion of Gondudbors, 
exhibited fome ingenious eledtrical experi- 
ments upon a large icale; which threw 
great light upon the property of points in 
refpeft to ElcSricity, and feem atfirftfighf 
to decide the queftion in favour of knobbed 
Conductors, as will appear by the following 
pages. On the other fide, Mr. Nairne 
performed fome well-imagined experiments, 
which feem to eftablifh, beyond any doubt, 
the prevailing opinion in favour of pointed 
Condu(3:ors; which was afterwards ftill 
more confirmed and elucidated by Lord 
Mahon, in his learned work, entitled. 
Principles ofEleSiricity^ and publifhed in the 
year 1779. 

Notwithftanding thofe various difquifi- 
tions, and new obfervations, it feems that 
what I had previoufly written, relating to 
the conftruClion of Conductors, did not 
require any material alteration ; hence I 
thought proper to reprint, in this Third 

Edition^ 
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JEdition, exadtly that which had been ad- 
vanced, relating to Conduftors of lightning 
in my firft publication ; and have referved 
for this diiTertation^ to make mention of 
thofe additional remarks^ which, in the 
prcfent more advanced ftate of the fcience> 
are neceflary to be noticed. Mr. Wilson, 
Mr. Nairn E, and others, muft excufc my 
giving a very fliort aiid fumriiary account 
of their valuable experiments, tince the 
limits of this work arc by far too (hort t6 
admit a fiill account of their pbfervations. 
I fliall juft mention the principal fadts af- 
certained, fo as to make evident the deduc- 
tion which naturally follows them, and 
which. is neceflary to.eftabli{h the prefent 
^improved theory of Conductors ; omitting 

thofe remarks which feem to be not efTen^^ 

• • - - .... 

tial, and eVen difpeniing with the particii- 

• • • ^ . * 

lar defcriptipn of the various apparatufe^ 
Hfcd for this purpofe. The Bodrd'hotife^ 
iftruck by lightning on the lath of May 
1777, had a pointed iron fpike, which 
projected ten feet above the middlemoil 
and higheft part of its roof, and which had 
a- continued metallic comimunication to the 
ground. The, lightning did no other 
Vol, IL P damage 



210 APPENDIX. 

damage to this houfe, than to throw down a 
few .ftoiies from one of its upper corners, 
which * were next to two iron cramps ; 
which cramps had not a metallic commu- 
nication with the Condufton This cor- 
ner was forty-fix feet diffant from the to^ 
of the Condir6lori In this cafe it is dif- 
ficult to fay, whether the lightning ftrack 
the Condudtor firft, or the corner of the 
houfe jiift over the above-mentioned irofi 
cramps, and from thence, being oafled to 
the metal which communicated with thfe 
Condu6tor, Was coiidudted to the groufrf> 
withcmt caiiiiij^ any farther damage to tht^ 
houfe. Ih the firft cafe, the point of thte 
Cdndndtbt iSirould, in all probabitity, haVc 
been fufed, ^s ii generally ihe cife ; but ni> 
mark of fulioh coald* be perceivtd on it. 
The ficdiid cafe fefetiis not very Kiely tb 
have jhippenfed, fi'nce th^ Cotido^r Was 
far above the corner that was 'ftr6ck,'ahd 
fince the lightning iS knov^n to ikrikc tber 
moll elevated objefts, and thofe which have 
a better communication wfth the earth, ih 
preference to any 'other *; In any cafe, 

* Mr. Nairne concludes the account of tiis iiboVe- 
mentiofl^d experiment^ with the following pafllrg^ : 
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the only ufeful remark that can be drawn 
fronx this accident is, that aU the metallic 
parts, that are in a building, (hoold be con^ 
nefted with the Conductor, otherwife it is 
not unlikely^ but tnat, either by a direct 
ftroke, or by a lateral explofion, the houfe 
may fuflfer fome damage /rom lightning* 
Mr* Wilson, who had formerly declared 
his opinion . againil elevated aqd pointed 
Condu<5lors, derived from this accident a 
ftrong proof apparently in favour of birf 

theory, 

*^ 1 nuift beg to intrude a lUtlupore on your time^ 
•* to remark on that part of ^OT Wilson's paper, 
*^ where, from his experiipehts^ he feems to conclude, 
** that the lightning at Purfleet firft ftruck on the 
*^ point of the rod of the Conductor, ai>d then, \^ a 
y lateral pai^ of that ftroke^ ftruck the cramp on the 
V copinj^-ftone. I believe, if he. had examined th^ 
*^ fituaiion of the ftone, and the place Wheric tl^tc 
*^ cramp was ftruck, he would have found, tliat, if thf 
*' lightning had ftruck.on thip point of the Condu<£lort 
. *^ that, to have produced that efFedl on the ftooe, ix 
^* mufty after it had ftruck on the point, and pa|Ie4 
^* down a.quantity, have ftruck from the metal up i^to 
** the air, then down again on the cramp, and thea 
^* again to the metal it had left ^ for the fmall dent or 
•' hollow made by the lightning was on the upper fur- 
^* face of theftone, and yet the metallic communicatioa 
** to the earth continued from the point under the ftone 

^ 2 ' •* which 



r 
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theory, and foon begarir to perforin fc^ 
Veral experiments, in which the naturat 
accident was imitated by art ♦• Mr» 
Wilson's ^reat apparalps was fixed in the 
Pantheon', Oxford-ftrcct. It confifted prin- 
cipally oiF the following parts : — A cylinder^ 
1 6 inches in diameter, and 155 feet long, 
covered with tin -foil, formed the prime 
Conduftor, which was charged by a good 
eledirical machine of the common, fort. 
This vaft Condudor was fufpended by va- 
rious iilk firings^ at a convenient diftance 

'* ifdiich wats ftractt| It arppcard more probable to me, 
^* from the triflin^^anaage it did, that the charged 
^* cloud bad pafled over the pointed Condudor, and 
^< had been exhaufted of a great part of its EleAridty 
^^ in paffing; and that, after it had pafled, it was at- 
^* tra^bed do^Vd lower by a ridge of hills that was be- 
^* yoild, and that the ct6u'd beiiig out of the influence 
«' of the point to prevent its ffriking, the end of the 
^^ cloud might flrike at an angle rn the cramp^ and fo 
•* to the metallic part of the Conduftor, which was 
'•«* only about 7 inches below. I fball conclude w^th 
** obferving, that Mr. Henly and myfelf had the 
'^^ pointed rod of the Conduftor at Purfleet taken down 
"** to examine the point ; but we found no appearance 
«* on it that {hewed that it had been ftruck." 

* The account of thofe experiments Is inferted ia 
the 68th vol. of the Phih Tranf. 

from 
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from the floor and walls. To this Con-^ 
du<3:or there was added a wire 4,800 feet 
long, which was alfo fupported by filk 
firings, and, on account of it^rodigious: 
length, was bent in a great many places, 
going backwarcis and forwards in various 
diredions. Sometimes this wir^ was fepa- 
rated from the great cylinder ; but, for the 
generality of experiments, they were made 
to communicate together, fo as to form one 
pxtenfive Condudtor. — rBy means of a pro- 
per frame and machinery, a wooden model 
of the above-mentioned houfc, that was 
ftruck by lightning, was nn^jde to pafs with 
different required degrees of velocity under 
and acrofs one end of the great cylinddr* 
This mqdel was furnifhed with a Conduc-^ 
tor at top, which was fometimes tenhinatcd 
in a point, and at other times ended in at 
ball, but wh^ch was made to communicate 
with the earth by as good a metallic comr- 
munication as can be defired by/lhe mofl: 
fcrupulous experimenter. Whilft the mo- 
del of the houfe was kept at a/ proper 
diftanpe from the great cylinder, and after a 
known number of turns of the wheel, the 
Oiodel.b^ing let go, paffed under the end of 
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the cylinder with any required velocity, 
and at the moment, that it pa0ed imme« 
diatcly under the charged cylinder, it receiv- 
ed the fivqkc from it upon its Condudtor^i 
&c. Now the principal experiments 
which Mr. Wjlson made with this appa-* 
ratus, are briefly exprefled in the foUowing^ 
articles : 

1. When the model was furniflied with 
a (harp Condudlor, on being made to pafa 
under the charged cj^linder, it drew ofF a 
good deal of the eled:ric fluid from it in 
a iilent manner, and that abforptioDs as it 
may fee faid, began long before the model 
came quite under the cylinder, as was 
{hewn by the appearance of light, &c. 
The charge which afterwards remained iii 
the cylinder was inconfidcrable : all which 
^ew3 the tendency that a point has to 
draw the ele<^ric fluid filently, and froiji 9, 
difl:ance. ' 

2. If, inftead of a point, the model was 
furniftied with a knobbed Condudlor of 
the fame length with the pointed one, the 
quantity of dearie fluid drawn oiF in rc^ 

peating 
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peatiog the above experiment w^s.not lb 
confiderabJc as before, and it was alpioft 
nothing, if the knobbed Conduftor was 
much 0iorter than the pointed on.e> as could 
have been expefted* 

3. When the niodel/^Ith the (harp 
Conduflior was made to pafs under the cy- 
linder fully charged, the pointed Condudtor 
was generally ftruck with a full and ftrong 
explofion ; whereas, if the Conductor was 
terminated in a ball (though of an equal 
length with the pointed Conduftor, and 
confequently equally diftant from the cy- 
linder when the model was juft under it) 
it was not flruck, the cylinder remaining 
charged^ &c. 

4. ** The weight which naoved the mo* 
*' dej^ in the preceding experiment, .,wa/B 

gradually reduced till it was nearly t^^ 
lanced by the fridpn ; and w^en the 
motion was rendered fo flow as ievejtf feet 
feven inches ini {even feconds, it w^ y^ry 
'< little accelerated s jmd in tbis J^e the 
'* great cylinder hqng c^^rg^d, fhe model. 
<^ was jTu^ercd to pafs; aadathQijyg^ ^ 

P 4 ** velocity 
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•* Velocity was lefs than three quarters of a 
*' mile in an hour, the point waS ftruck/' 



The intelligent reader may remark, that 
by the above-mentioned obferVations, the 
already-known properties of points were 
clearly (hewn : that the very reafons before 
advanced by various philofophers, for pr^ 
fcrring pointed Condudors of lightning to 
fuch as are blunted, were confirmed ; but, 
however, that one remarkable obfervation, 
which could have been hardly believe^J 
before^ was eftabliflied, viz. that a point 
In thofe circumftances could receive fo full 
a ftroke, as we have mentioned above. In- 
deed this is a very good obfervation of Mr. 
Wilson, and a moft plaufibltf argument 
in favour of his opinion relating to the con- 
Uruftion of the Conduftors of lightning, 
^ence he expatiates upon the danger of 
thofe houfes, which are furniflied with ele- 
vated and pointed Conduftors; and abfo- 
lutely recommends knobbed Conduftors, 
which are cither even with, or rather a lit- 
tle fhorter, than the top of a building ; fince, 
fays he, the pointed Conduftbfs invite the 
lightning. It is almoft fuperfluous to remark, 

that 
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that it Is for that very property, that ele- 
vated and pointed Conductors are preferable 
•to knobbed ones, viz. becaufe they attrad 
the 'matt<;r of lightning from a greater dif- 
tance : hence they may defend a greater 
extent of building ; hence, by drawing a 
confiderable quantity of eleftric fluid from 
the clouds, when at a diftance, fo as to lef- 
fcn their charge, they may thus a<Sually 
avoid a full explofion j the intention of 
putting a Conduftor to a houfe, being to 
defend the houfe from the bad efFedls of 
lightning, and not the Conduftor itfelf from 
attrafting the matter of, or being ftruck by, 
the lightning. — When the Cbndudor of a - 
houfe is ftruck, the only damage it' can re- 
ceive in that cafe, it fcems, can only arifc 
from a lateral explofion between the Con- 
ductor and other pieces of metal, or other 
very good Condudlors, which are contained 
in the houfe, and are not properly connected 
with the Conductor. For this reafon, it is 
proper -to conned with the Conductor, by a 
metallic comn^unication^ all the pieces of 
metal, and indeed other good Conductors, 
gs a ciftern of water, &c. that are in a houfe, 
efpecially thofc which are near the outfide, 

and 
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and the top of it. This, however, is aliaoft 
impoflible to be done perfi&ly ; but then 
thofe lateral effedls are not of fo very daor- 
gerous a nature, excepting indeed whu9|i 
the building contains fubftances of a ycry 
combuflible quality, as gun*powder, &c« in 
which cafe, the moft fcrupulous attentioo 
is hardly fufHcient to prevent any bad a^^i^ 
dent^ ^ Notv^rithftandiog the obvioufncft. of 
the above-mentioned remarks, Mr, Wii*V« 
son's experiments determined feveral per*- 
fons in favour of the knobbed Condudiors ; 
hence Mr, Nairns undertook to oppoie 
Mr. Wilson's theory with a clear and 
convincing fet of experiments. The prune 
Condudlor ufed by Mr. Nairne was one 
foot in diameter, and fix :feet long, confer 
quently by far fmaller than that ufed by 
Mr. Wilson. The other apparatus wafi 
dif^rent, and the electrical machine waa 
much more powerful than that ufed by 
Mr. Wilson *. But with this apparatus 
he amply fhows the properties of points and 
knobs, with refpedt to Elediricity ; and, dif- 
ferent from Mr. Wilson, ftiows, that in 

♦ See Mr. Nairne*s account of thofe Experiments, 
&c. in the 68th vol. of the Phil. Tranf. 

many 
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many :experiments, and under various cir-^ 
cumftanccs, a knob is ftruck in preference 
to a point. This diverfity of appearances, 
and refults of experiments, in cafes feem- 
ingly alike, jvill at firft fight be thought z 
con tradition ; but, when duly confidered, 
the different phenomena may be all recon-«- 
ciled to a few very fimple %nd natural 
propofitions, A point draws the elec- 
tric fluid from an eledtrified body, from a 
much greater diftance than i blunt-termi- 
nated body ^ but the quantity muft be li*. 
inited, and fubjedt to be altered by many 
caufes ; fuch are, the degree of condenfa^ 
tioiiof the j*le£lric fluid upon the eledrified 
body J the time given to the pointy the 
acutenefs of the faid point ; its free or en-^ 
cunabered (ituation j its perfe(3: or imper-* 
fedl communication with the earth, &cc. 
Thus, if the pointed body be not made Ito 
communicate with the earth, but the com«^ 
munication be interrupted by a Abort inter- 
val, then, on prefenting a body fnfficiently 
charged with eledlric fluid, to the faid point, 
a full fpark will go from the former to the 
latter, becaufc the point, on account of the 
interruption of communication, cannot dif- 

chargc 
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charge to the earth, or other fit body, the 
electric fluid by little and little, conic« 
quently cannot receive it filently from the 
cleftrified body to which it is expofed, but 
can attrafionly that quantity which can leap 
between the interruption, and which pafles 
in the form of a fpark. Thus alfo, if the 
point is fuddenly brought within a fufficicnt 
diftance of a ftrongly-eleftrified body, it 
will receive a fpark, becaufe a futiicient 
time was not allowed it to draw oflF the 
electric fluid filently, as would happen if 
the point was gradually brought near. Af- 
ter the fame manner, the ingenious reader 
may imagine a great multiplicity of cafes^ 
in which a point may be ftruck or not 
ftruck by an cledtrified body ; hence is de- 
rived the apparent contradiction between the 
experiments of Mr. Henlv, Mr, Wilson, 
Mr. Nairne, and various others: but it 
always remains true, that a pointed or 
fharp-edged body draws the elcdtric fluid 
from a greater diftance than thofe bodies 
which are blunt or more obtufe, all the 
other circumftances being the fame in both 
cafes. 

Lord 
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Lord Mahon^ in his above-mentioned 
work, (hews a property of eledtric atmo- 
ipheres, whip h he calls the returning Jiroke, 
3nd which he is of opinion that can occa- 
fion great damage in fomc cafes. This is 
that quantity of eleftric fluid, 'which, by 
the vicinity of a clpud highly eleftrified^ 
is driven away from certain bodies, and 
which fuddenly returns to thofe bodies 
when the cloud happens to difcharge its 
Eledtricity by a ftroke of lightning to any 
other body ; for then the atmoipherc 
which kept off the elcdtric fluid of the bor 
dies that were within its adtion, ceafe$;^at 
once. Our noble author (hews experimen- 
tally, that fuch a returning ftroke may oc- 
C^fion great damage, even at a good diftance 
from the place where the ftroke of light- 
ning happens, and that its efFedls may be 
very conlidcrable i all which confirms the 
already-made obfcrvation, viz* . that all the 
heft and largeft conducting bodies that are 
in a houfe, ftiould be conneded with the 
Condudtor of lightning, - Without detain- 
ing my reader with further difquifltions, 
I ftiall only take notice of the moft notable 
particulars that fhould be kept in view, 

and 
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arid {hould be confidered as the leading 
principles, in erefting Condudcrs for the 
Jightning; and fhall then conclude with 
the requtfites necejfary for the proper con* 
ftru6tion of Conduiftors, which requifites I 
iball tranfcribe cxaftly from Lord M-^^ 
HON^s work. ♦ 

A pointed body attradts the matter of 
lightning more or lefs eafily, according as 
it is more^ or lefs acute; according as it is 
lefe or more encumbered by furrounding 
i>odies ; or as it is more or lefs elevated, 
and as its communication with the earth, 
by ineans of condud:ing bodies, is more or 
kfs perfed:. The clouds are bad Conduc- 
tors, and in general the eleiftdc fluid is not 
highly concentrated on them in proportion 
to their extent; they are often feparated 
from each other ; they may come towards 
a Conduftor or a houfe in every direction ; 
and move with.various velocities at different 
times. The pointed Conduftor that is 
cre<5led in order to tranftnit the lightning 
with fafcty to the ground, dm only defend 
a limited extent of building, the quantity 
of which varies according to many circum- 

flances. 



A B P E N D I X. «23 . 

fiances. In cafes, of powder-magazines, 
and fuch-like very eombuftible fubftances, 
great damage may be occafiohed by a lateral 
explofion or returning ftrokci if the Gon- 
duiSlor happened to be ftruek ; which may 
be only avoided by makihg a proper coin- 
hiunication between all the fubftaiices of a 
good conducting nature that aire in the 
building. It has been obferved that fome- 
tjmes a ftrpke of lightning is branched, and 
ftrikes fevcral objects at the fanie time. 

In cbnfequ^hce of all thofe obfervaitions, 
and various others mentioned in the courfe 
of this book, it feems proper to have in 
view the following inftrudlions, in erc(3:ing 
Condudlors for the lightning, 

I. •* That the rods be made of fuch fub- 
flances as are, in their nature, the heft 
ConduSlors of Eledlricity." 

•2. ** That the rods h^ uninterrupted^ 
and perfectly continuous.** 

^. *^ That they be of zfujicient tbick^ 
nejs. 

4, " That they be perfedlly conneSled 
with the common-Jlock.** 
. 5. ** That the upper extremity of the 
.t6ds be as acutely pointed 2^s poffiblc/' 

6 6.. f^ That 
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6. ** That it be veryjinelj tapered.'' 

7. ** That it ht prominent J' ^ 

8. '' That each rod be carriedi in the 
Jhortejl convenient direStion, from the point 

at its upper end, to the common-Jiock ** 

9. ** That there be neither ' A/r^^ nor 

prominent hodxts of metal upon the top. of 
the building propofed to be fecured» but 
iTuch as are connected with the ConduSior by 
feme proper metallic communication." 

10. ** That there be a fufficient number 
of high and pointed rods :** And, 

11. " That every part pf the rods be 
\txy fuhjiantially eredted.'* 



N* III. 
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IXTRACt OF A LETTER FROM MR. AR- 
DEN, LECTURER IN NATURAL PHILO- 
SOPHY, DATED SEPTEMBER 25, 1772* 

** \ BOUT fourteen or fifteen years 

jlIL ago, in the prefence of Wm. 

Constable, Efq; at his feat at Burton 

Conftable, in Holdemefs, I made the fol* 

lowing experiments : 

** I placed a large coated jar, that would 
hold three or four gallons, dire<flly under 
the prime Conduftor of a very good elec- 
trical machine. The prime ^ Conduftor 
was at lead: eight or ten inches above the 
top of the jar, and th9 communication was 
made by a brafs wire, bent at one end over 
the prime Condutftor, and the other end 
pafTed through a fmall glafs tube (con- 
trived by Mr, Constable to prevent the 
elciftric matter from eafily flying off) was 
fufpended in the middle of the jar, and had 
a fmall piece of brafs chain faftened to it, 
that refted on the bottom of the jar. 

Vol. II. Q^ '* I then 
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*^ I then began to turn the wheel, and, 
after turning about loo or 150 tinics, as 
low in the jar as I could fee for the coating^, 
I perceived a ball of fire^ much refem- 
bHng a red-hot iron bullet, and full diree 
quarters of an inch in dianaeter, turning 
round upon its axis, and afcending up the 
glafs tube that coinftatoed the brafs wire, 
which was the Coftdudor to the ilifide of 
the jar. 

'* I immediately aflced Mr. 'Co^s^A- 
BLE, if he faw the ball of fire ? he faid. 
Certainly. I faid, I will turn oh. He 
anfwered, By all means. I kept turning 
the wheel, arid the ball of lire dtfMitiued 
turning upon its axis, and afcending Up '^e 
glafs tube till it got quite upon the top of* 
the prime Cdnduftor. There ^it turned 
upon its axis fome little time, and fb^a 
gradually defcended, turning upon its axia 
as it had done in its afcent, and io continu- 
ed till it was fo much below the top of the 
coating that we could no longer fee it. But 
ibon after this, a very great flafli was ktn ^ 
a large explofion was heard, and ftrong frnell 
of fulphur was perceived all over the room; 

ra round 
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a TQUxid aperture was cut through 4ihe fide 
of ihe jar, asAne as if it had been cut with 
a diamond, rather ^more than.thtiee quarters 
of an inch in diameter^ and between -two 
and three inches below the top of the 
coatiag, and the .coating was torn oflF all 
round the aperture, about three or four 
inches in diameter. The jar was a pvQ^iy 
ftrong one^ of crown glafs. 

** I then took another jar^ ifo like the 
firft, that when both were whole I couljl 
not eafily perceive any difference betwcefi 
them, I then attempted to charge this 
jar, in ihe fame manner as the pthcr, ,and 
we both obferved it very accurately. No 
ball of fire was Xeen, but prefently the j^r 
difcharged itfelf with .a great fiaih and. ex- 
plofion, and at about the fame part as of 
the firft jar ; but inftead of the aperture 
which was madeJn the firft jar, there iWas 
a circle about three quarters of an inch 
diameter, as white as chalk, and the coat«^ 
ing torn off round about it as before. 
Upon touching the white part, it dropped 
out, jand appeared .to .hp glals in a .J5nc 
powder. 
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" We br6kc fcvcral other different-fized 
jars that day, (which made Mr. CoNsl* A- 
BLE fay we were in great luck) but with- 
out any thing elfe remarkable. 

•* The firll experiment was made (boh 
in the afternoon of a clear day, and the ma- 
chine ftood diredtly between us and a win- 
dow, which was not above a yard from it« 
I don't hear that this ball of fire has been 
produced by art by any one elfe, to this 
day, although it is often produced by na- 
ture. 

** I had the pleafure of feeing Mr. Con<^ 
STABLE this day, and of reading the ac- 
count of thefe experiments to him, and, to 
the bcft of his memory, he thought the 
whole was ftriftly true. 

•* Mr. Constable thinks it would not 
be difficult to repeat the experiment, and to 
produce the ball of fire at any time, provid- 
ed the jar is large, and not coated too near 
the top, and that the wire communicating 
from the prime Condudtor to the infide of 
the jar is made to pafs through a fmall 

glafs 
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glafs tube, (which is certainly of great ad- 
vantage in making experiments of this kind) 
and that the machine ads very ftrong. If 
not, it will be in vain to attempt it/' 

AFTER this letter, Dr, Priestley, 
out of whofe works it has been tranfcribed, 
fubjoins the following remarks * :— " The 
fadt mentioned in the preceding letter is 
of a very remarkable nature, and, being 
perfectly well afcertained, it is of impor- 
tance that it be generally known, and kept 
in view. For though no perfon, that has 
hitherto been made acquainted with it, has 
been able to repeat the experiment, others 
may be more fortunate. Dr. Franklin, 
and, if I.miftake not, Mr. Canton alfo, 
and myfelf, were prefent when Mr. Hen- 
LY endeavoured to produce this appear- 
ance ; but, though every expedient that any 
of us could fugged was made ufe of, we had 
no fuccefs, and I have feveral times attempt- 
ed it in vain iince. I fhall not, however, 
defift from my attempts.'* 

* Experiments on Air, &c. vol. v» 

0.3 r Mr. 
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" Mr. Ar den's own evidence i-s abun* 
dantly fufficient to authenticate the h&, and 
I have fince had from Mr. Constabx.ic 
himfelf the fame account of it. Could ^nre 
repeat this experiment, there would not, I 
think, be any natural phenomenon*, in 
which the eledtric fluid is concerned, that 
wc cotrld not imitate at pleafure. This 
circumftance alone makes it a very infereft- 
jng object of inveftigation.'* 
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OBSERVATIONS CONCERNING SOME PRO-* 
PERTIES OF THE ELECTRIC FLUID. 

AMONGST the various experiments 
performed by Mr; Wilson in the 
Pantheon, as mentioned in the preceding 
pages, he made fome with a long wire, 
which was fufpended by filk lines, and 
went in various diredlions through that 
great building. This wire was 4800 feet 
long, and tV of an inch in diameter. It 
confifted of many pieces, which were con- 
neded by twifting the feveral ends together. 
—Mr. Wilson electrified this extended 
wire by means of an eledlrical machine fitu- 
ated next to one of its extremities ; and 
when the wire was fully charged, which 
happened after a few turns of the wheel, a 
perfon difcharged it, by prefenting his 
hand to it, which was attended with a fliprt 
fpark, but with a very difagreeable ftrdng 
(hock. Then Mr* WiLspN took an equal 
iiength of wire, of the fame diameter with 

Qw4 the 
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the above-mentioned extended one, and^ 
putting it all coiled together upon a g1a& 
iland, charged it with electric fluid, by 
means of the fame machine, and when 
this wire was fully charged, which took 
place after about half a turn of the wheels 
a fpark was taken from it, but which occa«- 
iioned a fenfation by no means comparable 
with that given by the extended wire, fince 
this, though longer than the fpark of the 
extended wire, was hardly to be felt, where- 
as that was remarkably flrong. 

The explanation of thofe eflfeAs might 
cafily occur to a perfon little verfed in 
Eleftricity, The extended wire acquired 
a much greater quantity of Eleftricity than 
that which was ^coiled up, for the fame 
reafon for which an extended piece of tin- 
foil, twenty fquare feet wide, and which 
weighs one pound, can acquire incompar- 
ably more Eledlricity than a folid ball of 
tin, which weighs one pound alfo ; name- 
ly, becaufe the extended wire expofes a far 
greater furface to the free air, than the wire 
that is coiled up ; and the fpark given by 
the coiled wire is longer than that given 

by 
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by the other, ,in fo much as the eleftric 
fluid, whatever its quantity may be, can be 
much more condenfed on the coiled than 
on the extended wire ; it being well known, 
that the length of the fpark given by elec- 
trified Condudors is proportional to the 
condenfation, and not to the quantity of 
cle<ftric fluid* 

To obfcrve, that the extended wire re- 
quired many turns of the wheel before it 
became charged, whereas the coiled wire 
required lefs than one turn ; the obferva- 
tions made and mentioned by various writ* 
crs on Eledlricity, relating to the capacity 
of Conductors under various circumftances ; 
Dr. Franklin's experiment of the can 
and chain^ and innumerable other experi- 
ments of the like nature, might have con- 
vinced Mr. Wilson of the truth of the 
above-mentioned natural and clear expla- 
nation; but, upon thofe phenomena Mr* 
Wilson efl:abliflies a principle which does 
not feem fatisfadtory. He imagined, that 
in fb much the extended wire gave a much 
ilronger (hock than that which was coiled 
up, as the eledric fluid percurring the 

whole 
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wkok length of tbte extended wire acquired 
a great degree of velocity ; hence tbe im- 
petus with which it ftruck the hand or other 
jbody prefented to the ch^ged wice> Qcca^ 
fionedthatdifagreeahle. fenfation^ which iieo^ 
j&tion wa3 not aeconxpanied with the fpaj^k 
given by the coiled wipe, becaufe the ^ke- 
trie fluid could not acquire any velo^rty, ^s 
it did not go through a great extent of con- 
dui^ing fubflance« 



This theory feenpis tQ be not troe^ £pr 
the following reafons. Firft,. It is well 
known that nietal/ and in general any fort 
of conducting fubftance, does in fonne mea-* 
fure refiil the free pailage of the eledric fluid 
through its fubftance; hence 'the eleftric 
fluid, in going through a long Condyt^iQr, 
mufl: be retarded rather than accelerated. . 
Secondly, The elcdric fluid being elafl:ic, 
whenever a way is open for it to efcape out 
of a Conductor, upon which it has heen 
confined, it mufl: exert its greatefl: force at 
firft ; that is, the quantity of it, which 
comes out at firfl, has the greatefl velocity, 
beicaufe it is impelled by the greatefl expan* 
five forc9 } hut^ according as more and 
2 more 
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moke of the eloflrric flbid comes ou't of the 
Conduidtor, that itBpellhsg force or ekftickjr 
lefiens ; hence the laft particles of ele£brie 
fiuid come out of the Conduiftor with leis 
velocity ; thus ia z conden&ig fountaixi^ 
o}sA of which; the flream of water i^Toeaiy oa 
account of the elafticity of the air condenf-- 
ed in the cavity of the. inftrument, the 
flream at fir fi: comes out with greater vio^ 
lence, and mounts higher up, hut after-- 
wards lofcs its velocity by degrees, becaufc 
the condenfed air becomes gradually lei^ 
and lefs condenfed> and confcguently exerts 
a force continually fmaller and imaller 
. againfl the water. Laftly, It may be ob«- 
ferved in general, as it has been proved by 
many experiments, that if two unequal 
Ccfi^luftors, cMie of which A is more ex- 
tended than the other B, di£:harge equal 
quantities of eledric fluid under the form 
of fparks from like- terminations, the fpark 
given by A is lefs flrong than the fpark 
given by B, and that for the above- men- 
tioAcd reafons. 

NotwithftandiDg the obvioufoers of thoie 
remdrks» Mr. WiisoN, fince he hrSc. m 
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the experiments at the Pantheon, feems to 
have become continually more and more 
attached to his opinion, fo that fome time 
ago, he publi(hed a fmall trad, entitled 
A Jhort View of EkSlricity^ in which be 
endeavours to eilablifli his theory of the 
acceleration of the eledbric fluid, &c. upon 
mathematical principles. This ftep deter- 
mined me to take notice of it in this Ap- 
pendix, in order to prevent any wrong no- 
tions in the heads of novices ; for perfbns 
who are not converfant with mathematics^ 
will take any propoficion for true, when 
they are aflured that it is mathematically 
fo* Mr. Wilson's theorem conceals a 
fallacy, and (hews that a perfon very well 
fkilled in a fcience, as Mr. Wilson is in 
Elecflricity, can eafily fall into a miftake^ 
when he is too much attached to a favou- 
rite opinion.— Mr. Wilson's words arc 
the following : 
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Upon AcceleratioHm 

" The experiments at the Pantheon^ 
'* which were intended to fhew the acce- 
*' leration of the fluid, having been obje(fl- 
" ed to by many, who have not fufficiently 

** attended 
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*• attended to the known properties of the 
** elaftic fluid, it has been thought proper 
here to eftablifh this very material point 
upon mathematical principles, with a 
view to put an end to all farther dif- 
putes on the fubjedt. 
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*^ But before this is done, it may be 
** necefTary to mention a material fad that 
** was omitted in the account of thofe ex- 
** periments ; which is this, 

/^ The (hock received at the miMe of 
** the long wire, was ctmjiderably Icfs than 
** that which was received at either end. 

*^ T H E O R E M. 

B 
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" Let A B reprefent a cylinder of a given 
" diameter, and fuppofe this cylinder 
** charged with the elcftric fluid, I fay, 
*« if all the particles of this fluid are moved 
*^ at the fame infl:ant towards A, the eff^ea 
** produced by the (hock of this fluid at 

" A will 
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** A will be nearly proportional to the 
fquare of A B ; for the total cfFeft at 
A is equal to the fum of the efied of each 
^* particle contained in ^the cylinder A£ : 
** and the ciFe(5t of each .particle being p'ro- 
** portion al to its velocity, the total effedt 
" at A will be proportional to the fum of 
^' all the velocities. But fince the fluid is 
fuppofed nearly perfectly elaftic, all the 
particles will arrive at A nearly at the 
fame inftant 5 then the velocity of each 
particle will be proportional to the dif- 
** tance from the place it fets out, and^the 
** total efFedl at A will be proportiondl to 
** the fum of all thofe diftances. 

♦' But all thofe diftances are exprefled 
** by the following numbers, i, 2, 3, 4, 5, 
" &c, -.----.- N (N exprelTing the 
** length A B) in an arithmetical progref- 
" fion. Then the fum of all the diftances 
" will be exprefled by the fum of the 
" arithmetical progreffion i, 2, 3, 4, ^, 

« &c, N, and the eflfea: at A 

" will be proportional to this fum, that is 
'' to %, to N* or AB\ Q. -E. D." 

Mr. 
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Mr. , Wilson's abftrad: prbpofition is 
certaifnly evident, viz. ** That if all the 
{]^rtic}es of tlie ekiftric fltiid ave moved at 
the fame iiiftairt towards A, (by which, 1 
iftippofe, be 4ii^ns if they amve at A in the 
fame inftant of time) the 'efieft produced 
by the Hhodk of this fluid at A will bfc 
nearly |)roportional to die ^fquare of A JB.*' 
But this proportion cannot be poiTibiy ap^ 
-plied to ^e matter of Si&, «or a£fcual jexpc^ 
rii^ent, iince the condition upon which the 
propoiition depends cannot be verified^ 
viz. we do not know whether or no the 
particles of the ele&ric ^flu^ that are in the 
IJong wipe, do all ^irrive at one end of it 
iprecifely at the fame time. Befides, we 
may fafely fay, that from the confiderations 
-mentioned in the preceding pages, and from 
the analogy of other natural phenomena, 
it appears that they do not, and cannot 
arrive to the extremity of the wire precifelry 
at the fame time. Between the particles of 
cledtric fluid which arrive firfl: at one ex- 
tremity of the wire, and thofe which ar- 
rive lafl at the fame extremity, there is an 
interval, a difference of time, Mr. Wil- 
son fays, ^* all the particles will arrive at 

A, nedrfy 
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A, nearly at the fame inftant.*' Now, eVen 
that nearly implies a length of time, whicb^ 
however imperceptible it may be to our 
fenfest is yet fufHcient for the natural opera- 
tion. For inftance^ fuppofe that the extended 
and eleftrified wire is a mile long, and alio 
fuppofe that a quantity of eledtric fluid em«> 
ploys one hundredth part of a fecond of time to 
go through that length ofwire, and that with^ 
out acceleration, or even with a little retarda- 
tion, which is by no means an exaggerated 
fuppofition. Now, if a way be opened to the 
eletaric fluid in the wire, wz. the hand, Sfcc. 
be prefented to one extremity of it, the 
nearcft particles of the eledtric fluid will 
come out firft, and the remotcft laft ; yet 
that difference, agreeably to the fuppofitiqn, 
docs not exceed one hundredth part of a fe- 
cond, which is abfolutely unperceivable by 
our fenfes ; fo that the appearance is exaftly 
the fame a« if all the particles of the elec- 
tric fluid came out of the extremity of the 
wire prccifely at the fame inftant of time. 
I think, therefore, that what Mr, Wilson 
imagines to have eflabliflied upon mathe- 
matical principles, is far from being mathe- 
matically demonftrable. Without dwelling 

any 



c 



A P P E N 1> I X. 241 

any longer upon Mr, Wilson's propofl- 
tion^ 4nd the corollaries which he< deduces 
from it, I (hall only take notice of a re- 
markable experiment he made at the Pan- 
theon, with £he already*mentioned appara- 
tus ; which, however, he attributes to the 
accumulated velocity, which the eleftric 
fluid acquired in percurrin^ the fubftance of 
a very Icing Gonduftor^ 



■-'. i. * 



. .Mr. Wilson fired gunpowder by means 
of the ftream ^i elc<3:ric fluid, but without 
fpark or {hock. The method is as follows, 
in his own words : ** Upon a ftafFof baked 
**.;woQd. a ftem of brafs was fixed, which 
** terminated in an iron point at the topr. 
** This point was put into the end of a 
" fmall tube of Indian paper, made fotoe- 
;*f what in the form of a cartridge, about 
** two-tenths of an inch in:diameter* 
" When this cartridge was jillcd with 
V common gunpowder . (unBruifcA) the 
" wire of communication .with the well 
<« wa3 then faftened to the bottcno^ of the 
brafs ftem. Being fo circumftaiiced, and 
whilfl: the charge in the great cylinder 
and wire was continually kipt . up by 
..Vol. IL R : •• the 
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*^ the mofion of the wbee), the top of the 
cartridge was hroaght £> near to, the 
drums as frequeotly to touch the metals 
'^ In this iituatioDt a fmall^ faint, lumi^- 
f^ nous flream was obferved between the 
^^ top of the cartridge and the mebd 
** drum. 

^^ Sometimes this flream would fkt fire 
** to the gunpowder at the inftant of the 
*^ application ; at others, it would require 
** half a minute, or more, before it took 
** cScCt. But this difference in time 
'^ might probably arife from fome differ* 
^' eace in the circumAaaces ; for any the 
** leaft moifture, &c/: 

It (eems that in this experiment the gun^ 
powder was fired by the heat occafioned 
by tiie denfe i^ream iffuing out of the vaft 
ConduAOTt which difcharged a prodigious 
quantity of eledfcric fluid in that concen-* 
trated manner. This experiment was af« 
tlKTWardi imitated by Mr. Nairke, with 
dift Lcfdka phial. When a large eledric 
Jar #^s charged, Mr. Naxrne prefented 
the ^rtri^ of gunpowder, fimilar to that 

r Qfed 



ufed by Mr. Wilson, to the knob of the 
jar, and the powder was fired without any 
explofion of the jar« , ^ JLa this experiment, 
the wire upon whicli the cartridge was 
fixed, did not communicate with the out- 
*fid^ of the jar by a ffxA condudting com- 
muoication, but both the o^tfide of the jar^ 
and the faid wire, did communicate with 
*the/ ground i^ for that it may be kid, thiit 
the circuit between the two A^ts of tihe jar 
waa im^erfed; hence the difcbdrge was 
not made by a full explofion. 
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EXTRACTS FROM MR. VOLTA's ,FAFEII#' 
Infcrted iti the 7 2d vol. of <ke Phil. Tnuif. 

Conc&ntHg, the Capacity of. ConduBorSt a 
nevi Method of dif covering very Jmidl 
Degrees tf EleSricity^ and the Bkj^ridiy 
of the Atmojphere^ 

MR. Volta's paper on the method 
of difcovcring the fmallcft degrees of 
Eledlricity, either natural or artificial^ con- 
taining feveral particulars not only new, but 
alfo very intercftirtg to eleftricians, it was 
deemed neceltary to infert in this book at leaft 
a fiimmary account of them ; and had the li* 
mits of the work permitted it^ I (hould have 
tranfcribed the whole paper ; however, the 
cxtrafts arc fuch as^ I imagine, will convey a 
diftinft idea of the difcoveries of that ex- 
cellent eleftrician, and will leave out not' 
more than what the ingenuity of the reader 
may eafily fupply. I have generally ufcd the 

words 
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vohjs of Mr. VoLTA himfclf I but I have 
changed in great meafure the order of the pa- 
i;agraphs, for the fake of rendering the fub- 
je(3t more intelligible in a contraftcd ftate^ 

Conduftingbodies, of the fame (hape, will 
contain a greater or lefs quantity of Elec- 
tricity, according as their furfaces are lefs or 
more influeficed by iomologous atmoj^heres ; 
and the capacity of a Condudtor, which has 
neither its form nqr. furfacc altered, is in- 
creafed when, inftead of remaining quite 
infulat:ed, the Condu<ftor is prefented to 
another Cpj|du£kor. not infulated, and thia 
increafe i$ more xonfpicuous, according as 
the furfaces o/ tboic Condudors are- larger 
and ccnne nearer to each other.— When an 
infulated Conductor is oppofed or prefented 
to another .Condufl:or whatever, Mr. Vbi J* 
7 A calls it a conjugate Condu&^r. 

In order to (hew by experioicnt the 
above«mentioned property or increafe of 
capacity in a Conductor, take the metal 
plate of an ele£trophorus, and holding it by 
its infulating handle in the air, eledrify it fo 
high^ as that the index of an electrometer an-- 

R 3 ncxcd 
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nexod to it might be elorated to 60* ; thev 

lowcriDg this metal phte fay degreea towtardtf 

a tabk or other condoding plaiaAnrface, 

yqa will Qbierve that the index of the elec-^ 

trometcr will fall gradually from 6o* to £0% 

40""^ 30% &fe. Notwithftanding dlis ap- 

pearance» the quaptity of Ele^ciQ^ ill llKr 

fUtc remains the iame, except tiie Aid 

plate be brought {q near the taUe as to bc^ 

qa^on a tranihiifliofi of the EledtidQf frcinr 

tl^ farmer to the latter } at leaft the quao^ 

tity of £Ui£^rieity will remun as muck the 

^e 4» the dampne(a of the air^ 9tci wiH 

peraitt. The ddcieafe^ dicrffore^ of iftteiHr 

iity is owiDg to the iocreafed capaeit/ 6f tiie^ 

platej' which is now ^nfitgati^ vm. oppoftd 

to another cosulii^irig fu^e. In proof of 

whicb^ remove gradually the met^ pikte 

fpm the ta^bkf aiad it will be fowid that 

the eleiftrometer rifba agaia to its feriAer 

ilatipn, namely to 6o% excepting the lois of 

that <|«aiuity of Eledrici^, which during^ 

the experiment minft ha^e been iniparted to 

lihe air* 

I Tbf reafon of this phenomeoon is eafily. 
cleiive^ from the a^oa t^ ck^c atnkw 

ij>h?rc$. 
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Spheres. The atmofphereofthe metal plate, 
which, for the prcfent, we ftiail fuppofe to 
be clcdrificd pofitively, afls upon the table 
or other Conductor tg which it is prefented; 
fo that the eleftric fluid of the tabic, agree- 
ably to the known laws, retiring to the re- 
moter parts of it, becomes more rare in 
thofc parts which are expofcd to the metal 
plate, and this rarefaftion becomes greater, 
the nearer the eledrified metal plate is 
brought to the table. If the metal plate is 
eleftrified, then the contrary effeils moil 
take place. In Ihort, the parts immerfed 
into the fphere of adtlon of the electrified 
metal plate, contra(3 a contrary Electricity, 
which accidental EleClricity, making in 
fome manner a compenfation for the rsai 
Eleftricity of the metal plate, diminifties its 
intenlity, as is ihewn by the deprefUon of 
the eled^rometer. 

The two following experiments will 
throw more light upon the reciprocal aCtioa 
of the electric atmofpheres. Firft, fuppoie 
two ilat Conductors, eleCtrified both pofi- 
tively or both negatively, to be prefented 
towards, and to be gradually brought near, 
R 4 each 



i 
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each other ; it will appear \)y two aanexe4 
9le(5trometer§> that the nearer thofe twq 
Condu^r^ pome to each otheri the more 
their intenfities will increafe ; which (hews» 
that either of the two conjugate Condt|€fcors 
has ^ much lefs capacity now, than when if 
was fingly infulated, and gut of the influencQ 
of the other. This experiment explains 
the r^afoji \vhy an fleftrifi^d Conductor 
will £hew a greater degree of Jntenfity whea 
)t comes.to be contracted into a fmaller bulkj 
and alfo why a ]ong e}(tende4 Condudtor 
ivill (hew a lefs degree of intenfity thaa ^ 
f^iore ppmpa^ one^ fuppo(ing that the quan- 
tity of furface.and of pleftricity is tl^e famp 
^(1 both; bcQ^ufe the homologous atmp- 
ipheres of their parts interfere lefs with 
^ach pther in the fornier than in the Utte^r 

■ ■ ■ ^ 

Secondly, let the preceding experiment be 
^repeated, with this variation only, viz. that 
one of the flat Conducftors be elcdrified por 
iitively^ ^nd the other negatively : the ef- 
feds tjien will he juft the reverfe pf the 
^rccedin^ j viz. the intenfities of their 
".Icdrifitics vvill ^e diipinifjied, tecaufe 
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their capacities are increafed, the nearer 
d)e Condu(^ors come to each other. 

Let us now apply the explanation of this 
Uft experiment to that of bpnging an elec- 
trified metal plate towards an uninfiilated 
condufting plane ; for as this plane acquires ' 
a contrary Pleftricity by the vicinity of the 
electrified plate, it follows that the intenfity 
of the Ele(3tricity of the metal plate muft be 
diminifhed, and in the fame proportion its 
Rapacity is increafed ; confequently the me^ 
tal plate in that cafe may receive a greater 
quantity of Eleftricif^. 

Xhis property may be rencjered ftill mor^ 
evident, by infulating the copdufting plane 
whilft the eledrified plate is very near it, 
and afterwards fcparating them; for then 
both the metal plate and the qondu(Sing 
plane fwhich may be called the inferior 
plane) will be found eleftrificcl, but poflciT-^ 
ed of contrary EledtricitieS;^ a$ njay be afcer^ 

(ained by ele^tron^eters, 

\ 

If the inferior plane be infujated firft, and 
tfl^n tl^e el?:^ri^ed plgte he bfoiight over itj^ 
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then the latter will caufe an endeavour in 
the former to acquire a contrary Elcfbrkitjr, 
vrhich however the infulation prevents 
from taking place; hence thcintenfity of the 
Electricity of the plate is not dimini^bedj^ 
,at Icaft the clcftrometcr will fliew a very 
little and almofl imperceptible depreifion^ 
which is owing to the imperfe&ion of the 
infulation of the inferior plane, and to the 
fmall rarefaction and condenfation of the 
eledrlc fluids which may take place in difp 
ferent parts of the faid inferior plane. But 
if in this (ituation the inferior plane be 
touched^ fo as to cut off the infulation for a 
momenta then it will immediately acqi^re 
;he contrary Electricity, and the inteniity 
in the metal plate will be diminished . 

If the inferior plane^ inffead of being in« 
fulated^ were itfelf a non-conduCting fuh^ 
/lance^ then the fame phenomena would 
happed, viz. the Intenfity of the cleArified 
metal plate laid upon it would not be di«» 
miniihed. This, however, is not always the 
cafe ; for if the faid inferior non-conduCting 
plane be very thin^ and t>e laid upon a Con-- 
duCtor, then the intenfity of the elcftrificd 

metal ' 
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raetti plate will be diminiihed, and its ca« 
packy will he increafed by being laid upon 
the thin infuladng firatum ; becaafe in that 
^tfe the conduifting fubftance, which ftands 
itoder the noA«condudting ftratuni» acquir- 
ing an Eledricity contrary to that of the 
metal plate^ will dtraini(h its ihtenfity, &c» 
and the infulating ftratum will only dimi« 
m(h the mutual adion of the two attho^ 
fpheres, more or lefs^ according a$ it keeps 
them more or lefs afunder« 

The intcnfity or ele^c aflion of the 
metal plate^ wbich dtminiihes gradually as 
it is brought nearer and nearer to a conduc- 
ing plane not infulated^ becomes almofi: 
nothing when the plate is nearly in contact 
with the plane, the compenfation or acci-^ 
dental balance being then almod perfedt^ 
hence if the inferior plane only oppofes a 
fmall refiftance to the paflage of the Elec-p 
tricity (whether fuch refiftance be occafioned 
by a thin elc^ric ftratum, or by the plane's 
ilnperfcft conducing nature, as is the cafe 
with dry wood, marble, &c.) that refift-* 
a«ce, and the interval, however fmall, that 
}S between the two planes^ cannd^ be over-* 

come 
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come by the weak intcnfity of the EleCtti^ 
city of the metal plate, which on that ac- 
count will not dart any fpark tp.the inferior: 
plane (except its EleiStricity ^ were very 
powerful, or its edges not well roundedV 
and will rather retain its Eledlricity ^ fo 
that,^being removed from the ipferior plane» 
itjB electrometer will nearly recover its for- 
mer height. BeiideSj the eledrified plate may 
even come to touch the impcrfeftly con*- 
dudting plane, and may remain in that iitu«« 
ation for fome time : in which cafe the in-* 
tenfity being reduced alrnoH: to nothings the 
]&le£tricity will pafs to the inferior piano - 
exceedingly flowlyt 

JJut the cafe will not be the lame, if, in 
performing this experiment, the electrified 
metal plate be made to touch the inferior 
plane edgewife ; for then its intenfity being 
greater than when laid flat, as it appears by 
the eleftrometer, the EleiJlricity eafily over- 
comes the fmajl rcfiftance, and pafles to 
the inferior plane, even acrofs a thin elec- 
tric ftratura ; becaufe the Eledricity of 
one plane is balanced by that of the other^ 
jpply in proportipn to the quantity of fur^ 

face * 



fade wWch.tft«y ^ppofoi to jeadj other with*- 
in a given diftance < -A^rtlefeb^, ; when the 
. metal platie touches the? dther plane in flat 
and ample cdii£aA>Htl Elcd:ridl^ is i^ot dif- 
fipated. h\'ivrifj'cfij ..h i . '.. 

This cxpUi«tu)n;propeflf applied, ren- 

•^crs tyideni'tkio ndiiony4*j^omts in general. 

Juftly fpeaking^ ^ pointdd ^C^fidu^r, not 

infulated, when prefented to an elcdlrified 

• • • * • » ■ • ■ • 

body, has notiiv itfelf afij^* pifticular virtue 
of attrafting Elcftricity.-lhi'aas only like 
a Condudtdr not infulatedv'^'wfcich does not 
oppofe any refiftance to ' the ■ paffage of the 
clciftric fluid. If -the fameGondudor, in- 
flead of being pointed, were to prefent a 
globular or flat (urface -^ to the eledbified 
body, neither iri -that cafe it would oppofe a 
grefltef refiftancAfo the paflage of the Elec- 
tricity. But tlie' rekfoh why the Eleftricity 
will not pafs nearly fo -eafily from the elec- 
trified body to the globular or flat conduc- 
tor, as to the pointed one, is becaufe in the 
'former cafe the intenfity of the Eleftricity in 
the ele<ftrified body is weakened by the op- 
poied flat furface, which, acquiring the 
contrary Eleflricity, compenfates the di- 

miniihed 
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minUhed inteoficy iocompanbly more than 
ft point is Mc to dob It appears^ there* 
fore^ that it is not the particular propers 
ty of a pcunt or of a flat furface^ but the 
different ftate of the eloftrified body* that 
makes it part with itt Eleftricity eafier, and 
from a greater diftaoce^ when a fK)iAted 
condttding fat^ancej than when a flat glo^ 
l>ular one, is preiented to it. 

. What looks like a paradox in the cafe ctf 
an ele£tri6cd |^ie ftanding upon an impefp- 
fedly condiiOing [dane, is, that the metal 
plate, whilft ftandbg upon the other planc» 
will not lofc all its Electricity, even if it be 
.touched with a finger or with a piece of 
metal; fo that it generally remains ib far 
eledtriiied, as when it is afterwards ieparatp- 
ed from that plane, it will often aflford a 
fmall fpark, or at leaft it will affedt a^ elecf** 
trometer. Indeed this phenomenon could 
not be explained upon the fuppoiition that 
the finger or the metals were perfed Con- 
dudtors : but iince we do not know of any 
pcrfedt tonduc3:or, the metals or the fifj?. » 
ger oppofe a refinance fufHcient to i^tard 
the immediate diffipation of the Eledtru^ity 

of 
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pTthe plate» which h in that^afe ad:uate^ 
by a wry fraall degree gf iatcnlky or endea- 
vour of expanding ; fo that fuppofe, fof 
inftance, that the piece of metal or the finr 
ger^ by touching the plate^ took off fo much 
of its Eledtricity as to reduce the iatenfity 
of the remainder tQ the fiftieth part of ^ 
degree^ this rexQ^ii^iQg Eledricity woul4 
then be alnioft nothing s but when the 
plate, by being feparated from the inferior 
plane, has its capacity fp far dimiQiihed ais 
to render the inteniity of Its Eledlricity onp 
hundred times greater, then the intenfity of 
that remaining Electricity would become of 
two degrees, viz. fufHcient to afford a ipark 
or to affbift an eled;rometer« 

Hitherto we have confidercd in what 
tnaoner the action of electric atmofpheres 
niuft modify the Eledricity of the metal 
plate in various iituations. We muft now 
cpnfider the effedis which take place when 
the Eledtricity is communicated to the me- 
tal plate whilft {landing upon the imperfed:ly 
conducting plane ; however the explanation 
of this eafily follows from what has been 
faid above. Suppofe, for inilance, that a 

Leydeii 
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Lcydcn phial or a Conduftor were Co welkly^ 
cleftrificd, that the iritenfity of itis Eleariciti 
were only of half a degree, or even lefs ; if 
the metal plate, When (landing Upon the 
proper plane, were touched with that phial 
or Condudtor, it is evident that either of 
them would impart to it a quantity of its 
Eledlricity, proportional to the platens capa- 
city, viz. fo much of it as would make the 
intenfity of the Eledlricity of the plate equal 
to that of the EleSricity in the Condiiftor 
or phial, fuppbfed of half a degree ; but the 
plate's capacity, now that it lies upon th6 
proper plane, is above one hundred times 
greater than if it flood infulated in the, air • 
or, which is the faiiie thing, it requires ofte 
hundred times more Eledlricity in order to 
fhew the fame intenfity • therefore, in this 
cafe, it muft acquire upwards of a hundred 
times more Ek(Sricity from the phial or 
Condu(flor. It naturally follows, that 
when the nietal plate is afterwards removed 
from the proper plane, its capacity being 
leflened fo as to remain equal to the hun- 
dredth part of what it was before, the in- 
tenfity of its iEleftricity muft become of 
50"; fincc, agreeably to the fuppofition, the 

intcnfitj 
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feterifify of the Eleftricity in the phial or 
lud:6f was df half a degribe ^^ 




A ConduSor that Is clciStrified whilft 
itanding iii full and aniple contad with 
another proper Conduftor, or fciiii-infulat- 
ihg body^ as above mentioned^ and is after- 
wards feparated froni it> &ews the fame 
phenomena that are exhibited by a Corfduc- 
tor, whichj after bein^ eledrifiedi is con-* 
frad^ed into a fmallerbulki orcontrarywife^ 
like Jjt. FkANKLiN^s experiment of the 
can and chain, &c. -f*. 

If a fmall quantity o^ Ele^iEricity com« 
ihunicated to the metal plate, whilii iland« 

* In i pa^^r on tUt ca^a^ity of fim^le Conrdinftors^ 
Mr. VoLTAyconficfdringdii gi^eat capacity of a Ley(Ktt 
phial, lhew9 that rhe caufe of it h the Ele^citjr com^ 
municated to one of its furfaces being. bahuoced by the 
cohtrary Ele^rlcity of th^ oppofite furface. He like- 
ifik prbv^; Utitt At Capacity of fbcteeii (quaVe ih'ch'es 61^ 
coaied eledMc ftrfivee ia^equat <o tlib capacity 6{ a C6n- 
dufior ina({e of filvdred cylindAcat flickr, nearly one 
hundred feet long, the capacity of which is fo^rear as. 
t6 atfbrd a fpark capaiile of occaiioning a ihock ^onfii* 
dfertUy ftroiigv 

t See pag^ 331, vol. u of this woxkt 

Vol. U. 8 ing 
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ing on the proper plane^ \viU afterwards 
enable it to give a (Irong fpark, it may be 
aflccd, what would a great quantity of 
Eleftricity do ? The anfwer is, that it 
would do nothing more ; becaufe, wheii the 
Eleftricity communicated to the metal plate 
is fo ftrong as to overcome the fmall refift- 
ance of the inferior plane, it will then be 
difHpated. 

It will be readily underftood, that if the 
metal plate fituated upon a proper plane 
can receive a good (hare of Eledricity from 
a Leyden phial, or from an ample Conduc- 
tor, however weakly elcftrified, it cannot 
receive any confiderable quantity of it from 
a Conductor of a fmall capacity ; for this 
Condu6lor cannot give what it has not, 
except it were continually receiving a 
ftream, howfoever fmall, of Elcdricity, as 
is the cafe with an atmofpherical Con- 
ductor, or with the prime Condudlor of an 
eleftrical machine, which afts very poorly, 
but continues in aftion. However in fuch 
cafe a confiderable time muft elapfe before 
the metal plate has acquired a fufiicient 
quantity of Electricity. . 

Thus 
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Thus much being premi/ed relating to 
the capacity of Condufliors, wc now pro- 
ceed to defcribe Mr. Volta's ingenious 
method of difcovcring, or of rendering fen- 
fible^ the fmalleft quantity of Electricity, 
which is entirely 'dependant on the fore*- 
^ going princijples* 

The method, iii fliort, is to communicate 
the fmall, and othefwife unobfervable quan- 
tity of Elcdtricity^ to the metal plate of ati 
eleftrophorus whilft ftanding on an imper*- 
fe<Stly infulating plane ; for ih that fituation 
the capacity of the metal plate being aug^ 
mented, it will acquire an incomparably 
greater quantity of Eleftricity than if it 
flood infulated in the air ; and afterwards^ 
when feparated from the plane, its capacity 
will be contra^led ; and confequently, its 
Eleftricity increaling at the fame time, its 
intenfenefs will evidently manifeft itfelf 
either by fparks^ or, which is the eafiefl; and 
fafeft method, by affcdling an cle<a:rometer* 

The particulars neceflary to be kept in 
view in this method are the following. The 
metal plate mufl be at leaft fix inches in di^ 

S 2 ameter. 
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ameter, with the edge well roanded, and 
having a vtroiihed glafa handle ;-~inftead of 
a ghfs Tome perrons have ufed three iilk 
ftrings* The infierlor plane muft be of a 
Vfry impQrftjft conducing nature, as dry 
xoarble* very dry and (lightly varnifhed 
wood, a common piece of wood covere^i 
with oiled iilk, or fuch-like fubftance ; but 
let the fubftaoee be what it will, its furfacc 
rouft be very fi»ootb, and fuch as to coin- 
cide a^ well as poflible with the furface of 
tho metal plate 1 oa which account, if a 
marble ilab be choiffa for the inferior 
planOf it will be proper to fit the furface of 
the ^^tal plate to that of the marble, by 
grinding ope agaifiA the other. What I 
find to be vciy fit for this purpcdTe is a paper 
4<fucn, cooGfting of a. common wooden hoop, 
foch as aiQ ufed fojc caiks^ aver which a 
piece of thick vniting-paper is pafted, on the 
^ck of which I pafte a piece of ttii^foil. 
!rhe upper iuirface of iha paper is varniifhed 
only crnce with fhell-lac difiblved in fpirk 
of wine. This fort of plane has many ad- 
vatit^g^es^ vIxa it lis eafiJy made, and being 
light ia ytxy portable ; its &rface is per- 
f^&kf phi^ excqitiog iiidced when the 

hoop 
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hoop is not very ftrong» for thco: ducr. con«« 
traction of the paper b«« power fofHcicnt to 
warp it ; and laftij» as the thick^efs pf the 
paper and of the varniih may be varied at 
pleafure, aad very eafiiy* the faid^kne mi^ 
be rendered of any required degree of con<* 
dufting power. 

Now fuppofing diat an inferior iemUcoii^ 
daftiog plane and a metal plate arc properly 
conflitufted, lay ihe former upon a tabk» and 
upon it lay the latter^ taking care thac ia^ 
this operation^ or k wijnng^ See. the iiifhce 
of the inferior plane be not e%c$ted> for 
that would fir uftrate the experiment^. Then^ 
with the comer of a dry fiandktfrbhief^ » 
piece of dannel^ of paper, &c^ ftrike H^e^or 
&x times the metal {da«&r Afterwardi»/ 
laying hold of ibe ghfo handkf, life tip* tb# 
metal plate frocn over (he ifi^ferlor ptanc^ 
and prefeniing i« to* (he ekAftmeter yon 
wtil find that it k evident^ eledrifte^^ If 

' * In cafe the fiu-race of the inferior plane has 
acqutrcd any £le6{ddty, either from rubbing if inad^ 
veneiutf, orvefaerwifr, the ficft w^ctf frechig iidftlxit 
Eliearicitjy it ic^ pa& it •ver tile flame of a caadtotWtf 
cp tbf cit ti«K9. 

Si this 
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this experiment of ftriking the plate b^ 
repeated when the plate is not'on the proper 
plane, you will find either not the leaft veA 
tige of Eledtricity, or a quantity of it in«« 
comparably fmaller than that obtained in tho 
other way . 

# 

By this means, Mr. Volt a has obtained 
EleAricity not only fufficient to manifeft its 
quality, but (ven enough to afford iparks^ 
and that from fubflancQS which could be 
hardly fufpedted to be electrified. An at« 
mofpherical Condudtor not much elevated 
above the top of a houfe, if it be made to 
communicate with the metallic plate fland*^ 
ing on the proper plane (which Mr. Vol- 
TA juftly calls the eleSirical condenfing ap^ 
faratus) will be found to be eledtrified 
at times in which it would not fhew any 
figns of Elcdricity by any other means* 
Several fubflances, even fome that are con-* 
fider^d as very good Conduftprs, will be 
found to afford a fenfible quantity of Elec- 
tricity, when the metal plate of the cout 
denfing apparatus is flroked with any of 
them^ fuch as pieces of cloth, or of leather^ 
moft green vegetables^ and even the humaa 
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"hand. Indeed there is hardly any fubft^ance, 
befides fluids or very foft fubftances, which 
will not afford a ifenfible degree of Eleftri- 
city by this method. But the moft remark- 
able difcoveries made ^'by Mr. Volt A, arc 
that the evaporation of water and other flu- 
ids produces ElecStricity • Some effervefccnces 
lie alfo found to produce Eledlricity, though 
their Eledricity may be only the confe- 
quence of the evaporation which generally 
accompanies eflFervefcences ; but before I 
mention any thing farther relating to thofe 
(difcoveries, I (hall juft defcribe two im- 
provements of mine concerning the above- 
mentioned condenflng apparatus* 

Obferving that in ftroking the metal plate 
in order to obtain Electricity from various 
fubftances, and efpecially from the hand, 
the plate was often moved fb as to occafioa 
fome fricStion upon the inferior plane, which 
fometimes excited that plane in a fmall de- 
gree, and confequently rendered precarious 
the refult of the experiment, I thought of 
the following improvement, which entirely 
prevents any motion being communicated 
to the n^etal plate. 

S 4 Upon 
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Upon a varnifhed glafs handle a brafs tube 
about fix inches long, and i of an inch in dir 
ameter. was cemented, and from the extre- 
mjty of this tube a 6ne and very iipxi{>Ie 
wire proceeded, which was about fourtfen 
inches long. Now when the metal platp 
was fituated upon the inferior plane. I held 
the glafs handle of the brafs t^be with my 
left hand, in fuch a manner as that the end of 

" ^ - t • * m . mm * 

the wire might touch the plate, therefl re- 
maining in the air. Sometimes, in order to 
make a better contad, the end of the above- 
mentioned wire was put into a hole purpofe- 
ly made in the edge of the plate. |n this 
difpoiition of the apparatus the fubflances 
to be tried are ftrok'ed upon the brafs tube, 
and the EleiSricity produced by thera is 
conveyed to the metal plate by the wire^ 
which being fine and flexible commun^T 
cates not the leail motion to the faid plate* 

The other improvement confifts in rcn^ 
dering fenfible degrees of Eleftricity ftill 
fmaller than thofe, which may be difqovered 
by the above-mentioned condenfing appara^ 
tus. This improvement was fuggefted by^ 
gn4 is founded upon, the fajiie principles^ 

8 Notwith* 
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JJotwithftanding the gr^at fcnfibijity of 
this apparatus of Mr. Vqlta, yet (oxm^ 
tirpes the pled^ricity ^qquiyeci by the, met4 
plate from forpe fubftaaceg, w*a fo fm^l 9$ 
pot to affedt. an eleaironjcter fngipknUy tQ 
afcertain its quality* or ev?p its exiftewc 4 
hence I naturally thought tht^t, fpr thq lapa^ 
f^afpq for which the meta^ pla^ of ti^ 
f qpdenfiqg appgratys .|^a^^ff fte4 (votk fflwU 
degrees, of Ele^ricity £^8 ^ould n^ b^ others 
wife pbfervcd, another fpiaHer plate> or fmM 
condenfing apparatus, might be employed to 
<:oUe.<l ^q4 render ftp.fiWe th? yt^^k EXtc- 
tricity c>f th^larg^ n^eit^l pi?i,te. AccorcUn^ljf 

} conftru^eid. 9 fmaH p>5e, of ^hoqt the fijfp 
pf 9 ftiilliijg, haying- a gWs ijftcidlc CQvefed 
with fealit^gnw??C i ?P.d whep. tjbQ Urge np^* 
ta| plate i^mcd to he, f<5i >y?ayy ele€ii:i:ftq4 
as, not to affe(9; an ele<3jrQq3Ster f^fihljf, ^ 
placed th«l ffi^all pUte ppPA th? iafetiqf 
plane, aad torched it with t.h/?. ed|g;c of tht^ 
large plate : then, after removing the lacgt. 
plate, I took up the fmall onp from the plane, 
hpldiiDg it by the e^^treaaity o^ ^hc gla^ 1^- 
dle, aji|d prei^nted it. tp %h^ el^f^ni/iHVjk 
vhich vfs^s generally fp, miv;h ?J^<^ bj^ ift 

«$ tp diverge to it^ utpaoft. h^^*. 

In 
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In this manner I have often obtained 
Elcdtricity more than fufficicnt to afcertain 
its quality, from a fingle ftroke of the cor- 
ner of a handkerchief: viz. the large plate 
being placed upon the proper plane ivas 
ftroked once j then being removed and prc- 
fented to an eledtrometer, it appeared not 
clcftrified, but by touching the fmall plate 
with the edge of it, that fmall plate acquired 
thereby Eleftrlcity fufficient to make an. 
dcdlrometer diverge, 

' When this fecondary condenfing apparatus 
is ufed, care muft be had to hold the large 
plate almoft vertically whilft the fmall plate 
is touched with it. There is no need of 
having another inferior plane for the fmall 
plate, the large one being fufficient for 
both s ^for immediately after taking up 
the large plate weakly eleftrlfied, with 
one hand, you lay down the fmall plate, 
&c. 

• 

• The little quantity of Electricity that can 
be difcovered by this means is really furprif- 
ing; and there is hardly any fubftance, ex- 
cepting the metals, or thofe which cannot be 

fubje<3:cd 
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fubjefled to trial, as water and other fluids, 
^hich will not produce fome Eleftricity 
when rubbed or ftrokcd againftthclarge plate 
!Df thecondenfing apparatus, and thatElcftri- 
pity is afterwards condenfed by being com* 
inunicated to the fmall plate. In coiifc- 
queqcc of thofe experiments it appears, that 
throughout the works of nature there is a 
continual motion of the elei^ric fluid from 
one fubftancc to another ; fince • there is 
hardly any friftion, and, as it will appear 
\)y what follows, any evaporation or con* 
denfation, but it produces Eiedricity. The 
cxtenfive influence of this fluid, or of that 
power which we call e/e£fHc, and the im- 
menfe dependence of the powers of nature 
pn each other, indicate that Electricity muft 
\>Q employed for fome great operation ; 'bat 
human indufl:ry has not yet removed the veil 
from this great myftery. 

The principal difcovery, which* Mr^ 
VoLTA made by means of the condenflng 
apparatus, is the Electricity produced by the 
evaporation of water, which explains in a 
gfipat meafvire, if not entirely, the origin of 

the 



s68 APPENDIX. 

the atmofpherical Elcftricity *. He found 
that water quickly evaporated, that the fim- 
pie combuftion of coals, and that the eficr- 
vefcence of iron filings, in diluted vitriolic 
acid, when performed in infulated veilbls» 
left the veffels negatively eledbified. This 
negative Ele^ricity he generally colledled and 
rendered manifeft by means of the above»dc* 
icribed cqndeniing apparatus ; but ibme« 
tinges it is fo ftrong as not to require any 
thing more than a fenfible electrometer cod* 
peded with the infulated ve£el by means of 
Conductor^ as a wire or the like. 

The eicperiment of producing Ek(flrickjr 
by the evaporation of water may be eafily 

performedjithus :-^Upon an ihfulatingftandt 
as a wU)q. glafs or other cledric fubftance^ 
place an earthen veffd, as a crucible, a 
baiin, or fuch like things and put into it 
three or four lighted coals. Let a wire be 
put with one end amongft the coals, and 
with the other let it touch a very fenfible 
eledxometen (One of my improved atmo^ 

*' This diAxivery was nuide on the 13th of Apxil^ 
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fphcrical elcaromcters, viz. that in the 
bottle, anfwers very well.) Then pour ft 
fpoonful of water at once upon the coals, 
which will occafion a great hiffing, add ft 
quick evaporation ; and at the fame time 
you will fee the eledrometer diverge with 
negative Eleftricity • 

Mr, Volt A concludes the account of 
thofe difcoveries with the following inge- 
nious remarks. •* The experiments/'^/ Ae, 
*• hitherto made, though not numerous, 
*• yet concur to ihew, that the vapours of 
♦* water, and in general the parts of all bo* - 
** dies,/ that are feparated by volatilisation, 
" carry away an additional quantity of dec- 
** trie fluid as well as of elementary heat ; 
^' and confequenily that thofe bodies, from 
*• the contact of which the volatile pstrti- 
** cles have been fepara^tcd, remain both 
*' cooled and elecStrified negatively: from * 
'* which it may be deduced, that whenever 
••bodies are refolved into volatile - daftic 
^ ftuid, their capacity for holding de<9fric 
ftmd! is augmented, as well as their ca- 
pacity for holding common fire, or the 
•• calorific fluid. This is a ftrikfng analogy 

'' by 
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?* by which the fciencc of Eledricity 
throws fomc' light upon the theory of 
heat, and alternately derives light from 



€€ 
€i 

« 

f it. 
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** By following this analogy it fecms^ 
•• that as the vapours on their condcnfing 
*• lofe part of their latent heat, on account 
"•^ of their capacity being diminifhpd, fo 
they part with fome electric fluid* Hence 
originates the pofitive Eledlricity, which 
is always more or lefs predominant in the 
^* atmofphere, when the flcy is clear, viz. 
at that height where the vapours begin 
to be condenfed. Accordingly, ,the at-* 
mofphericalEledlricity is ftronger in fogs, 
f* in which cafe the vapours are more con- 
** denfed, fo as to be ajmoft reduced into 
drops, and is dill ftronger when thick 
fogs become clouds. 



€€ 
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** Hitherto we have accounted for the 
** pofitive atmofphencal Ele<Sricity ; but it 
•* is eafy to account for clouds negatively 
•* eledtrified ; for when a cloud, pofi lively 
?* eleiflrified, has been once formed, its 
** Iphere of aftion is extended a great y/ay 

" round. 
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** roqnd, fo that if another cloud comes 
•' within that fphere, its cledtric fluid, 
*' agreeably to the well-known laws of 
*^ electric atmpfpheres, muft retire to the 
** parts of it which are the remoteft from 
" the firft cloud ; and from thence the 
** eleftric fluid, may be communicated to 
" other clouds, or vapours, or terreftrial 
** prominencies. Thus a cloud may be 
*• elecStrified negatively, which cloud, after 
*^ the fame manner, may occafion a pofitive. 
** Eledtricity in another cloud, &c. ' This 
** explains not only the negative Eledricity, 
** which is often obtained from the atmo- 
** fphere in cloudy weather, and the fre- 
** quent changes from pofitive to negative 
*^ ElecStricity, and contrarywife in ftormy 
** weather, but alfo the waving motion 
** often obferved in the clouds, and the 
** hanging down of them, fo as nearly to 
^' touch the earth. 

*' After the fore-mentioned difcoveries, 
** we need no longer wonder at the appear- 
** ance of lightnings in the eruptions of vol- 
** canos, as was particularly obferved in the 

'' late 



** Jate dfeatiful efilption of Moiidt t^dfuvius. 

** Thef fiw etperiirtdrifs 1 have madd, Aew 

•* that the (ju&iltity of firidke,- biif riiuch 
** nWre the rapidity with tfrhieh \i is jJro- 
« dtatfid, tetrds t6 ifttreaft thft Ete^rfcity, 
** which dri66 from eortbttrtJdn, fed. How 
** gftsat ttltlft theh f)fe tiid qiJifitlty of fifec- 
** tfidty that k jjfoduced ifi fuch eriip- 
<* tkrfi^ ! " 
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AN ACCOUNT OF A VERY POWERFUL 
ELECTRICAL MACHINE, LATELYCON- 
STRUCTED FOR THE MUSEUM OF TEY- 
LER, AT HARLEM; AND OF VARIOUS 
EXPERIMENTS MADE WITH IT. 

TH E defcription of this machine, and 
of feveral experiments made with it, 
was written by Mr. Van Marum, who 
has himfelf been the principal operator in 
thofe experiments. The various new ai^d 
interefting particulars which are mentioned 
in this defcription, render it deferving of be- 
ing read at large by every lover of philofo- 
phy; and the prcfent (hort extract is intend- 
ed only to give an idea of it to thofe who 
have not the opportunity of perufing the 
original, which was lately publifhed at 
Harlem. 

This machine confifts of two circular 
glafs plates, each 6^ inches in diameter, 
which being fixed parallel to each other, and 

Vol. II. T • 7-1- inches 
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74. inches afunder, on a common axis, are 
turned by. a winch without any- accelerated 
motion, and are rubbed by eight rubbers, all 
being placed in a proper frame. Each plate 
is rubbed on both furfaces 3 two cu(hions oc 
rubbers being on one fide, and two on the 
oppofite fide of each plate. The prime 
Conductor is divided into branches, which 
enter between the plates, and, by mieafis of 
points, colledl the eleftric fluid only from 
their inner furfaces. 

In general two men are employed to 
work this niachine, but when it is required 
to keep it in adion for a long time, then 
four men are put to it, 

. The power of this machine appears to be 
greater than that of any other made before, 
and indeed its efFe(3:s are. furprifing. I (hall 
only enumerate them as briefly a^ poflible^ 
without expatiating on the points of com* 
parifon between th6m and others of a fimi* 
lar nature, performed with other machines. 

A very (harp fteel point, being prefented 
to the prime Coodudtor, drew a luminous. 

. . ilream 
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ftream of cled:ric fluid, about half an inch 
long* 

• 

, When a fharp ftecl point was fixed to the 
Condudior, fo as to project three inches from 
it, on working the machine the point threw 
out ftreams of light, which were fix inches 
long when a ball of three inches in diameter 
was prefented to it, and only two inches 
long when another point was prefented inr- 
ilead of the ball. 

The fen fat ion, commonly called the ipi- 
der*s web, on the face of the by-fl:anders, 
when this machine is in adion, is ofterf 
felt at the diftance of eight feet from the 
prime Condudtor. 

A thread fix feet long, fufpended perpen- 
dicularly, was fenfibly attracted by the prime 
Condudtor at the- diftance of thirty-eight 
feet. This attraftion of the thread by the 
prime Conductor was fuch as juft to make 
the thread deviate from the perpendicular 
direction . A pointed wire, prefented to the 
Conductor, appeared luminous,- even when 
the diftance between the former and the 
latter was twenty-eight ftet. 

T 2 Another 
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Another Condud:or being prefcntcd to 
the prime Condudor, in order to receive 
the fparks from it, and a pcrfedt metallic 
communication being made between the 
former and the earth, by means of a long 
brafs wire i of an inch in diameter ; it was 
found, that whilft a ftream of eleftric .fluid 
went from the prime Conduftor to the 
other, which may be called the receiving 
ConduSlor^ the brafs wire gave fmall fparks 
to conducting bodies that were placed near 
it. The quantity of eledric fluid, accumu- 
lated by this machine and difcharged by the 
prime Condudor, mufl have been really 
furprifingly great ; fince a wire of \. of an 
inch in diameter was not capable of tranA 
mitting it to. the earth very eafily. The 
fparks between the two Condudtors were 
generally 21, but fometimes' 24 inches long. 
The ftream of fire was crooked, and darted 
many lateral bruflies of a very large fize. . 

Gunpowder, after the manner formerly 

ufedby Mr. Wilson, as it is mentioned in 

the preceding pages, and feme other com-; 

buftibles, could be fired at the prime Con- 

duftor of this machine, 

A finglc 
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A fingle fpark from the Condudor melt- 
ed a confiderable length of gold-leaf, 

A' Leyden phial, containing about one 
fquare foot of coated furface, was fully charg- 
ed by about half a turn of the winch, fo as 
to difcharge itfelf ; and by repeated trials 
it was found, that in one minute's time this 
phial difcharged itfelf "jb^ 78, and often 80 
times. 

By many repeated experiments, accurate- 
ly made by Mr. Van Marum, and other 
ingenious perfons, with this machine, it 
was found, that elecStrizatioh, whether pofi- 
tive or negative, did neither fenfibly aug- 
ment nor dimini(h the natural number oi 
pulfations in a man *. 

They 

♦ In my Eflayon Medical Eleflricity it is'mentloneJ, 
that from the experience of many it appeared, that 
Eledrization increafes the number of pulfations about 
one fixth ; biit having made feveral experiments upon 
myfelf, I added the following obfervation in the fecond 
edition of the faid Eflay, which was publilhed in the 
year 1781, and confequently long before Mr. Van 
Marum's experiments. ^'^ I do not remember that 
«• my pulfc was ever evidently accelerated by eledri- 

T 3 *! zation. 
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They wifhcd to try the eflfedt of taking 
the elcftric fparks in different forts of elafUc 
fluids, and for this purpofe, they ufed a cy- 
lindrical glafs receiver, five inches long, and 
an inch arid a quarter in diameter^ ifita 
which different forts of elaftic fluids were 
fucceflively inferted, and were confined by 
quickfilver or water. To a hole made in 
the bottom of the inverted glafs receiver an 
iron wire was fattened, the external part oif 
which communicated with a Conduftor, 
whichj being prefcntcd to the prime Con- 
dudtor of the machine, received the fparks 
from it. In this difpbfition of the appa- 
ratus it evidently appears, that the (parka 
pafled through the elaflic fluid contained in 
the receiver, by going from the inner extrc- 

** isation, and yet I have repeated the experiment va- 
^* rious times, and with great diverfity of circuradan- 
** ces." P. 15*— Upon the whole therefore it feems to 
be afcertained, that electrization does not accelerate 1:191; 
retard the ordinary number of pulfations, and that the 
augmentation generally obferved before muft have 
been owing to fear or apprehenfion. But I am inform- 
ed by Mr. Partington, who has long praSifed mcr 
dical Electricity, that eleCtrization, if not in a founcU at 
leaft in an unfound ftate of the body, augm^t^ tli,^ 
nunjbcr of puWations ccJfcfiderably. 

2 ^'ty 
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mity of the wire to the quickfilver or water 
in which the receiver was inverted. With 
this app^atus it wa| foimdj that dephlogif-* 
tipated air, obtained from mercurial red prc^ 
cipitate, loft t^ of its bulk, but its quality 
was not fenfibly altered^ as it appeared from 
examining it with the eudiometer. This 
experiment being repeated when the receiver 
was inverted in lime-water, and likewife in 
the infufion of turnfole, there efriued no 
precipitation, no change of colour, nor any 
phlogiftication of the air. On pouring ou 
this air, the ufual fmell of the ejedtric fluid 
W^ perceived very fcnfiblyv 

Nitrous air was diminiflied of more than 
the half of its original bulk, and in that di-r 
mini(hed, ftate, being mixed with comrhon 
air, it occ^fioned no red colour, nor any fen-» 
iible diminution. It had loft its ufual fmell, 
and it extinguiftied a candle. In pafliiig the 
fparks through the nitrous air> a powder is 
formed on the fiirfacc of the quickfilver, 
which is $ part of that metallic fvibf\ance 
^iflblved by the nitrous aci4. 

}nf[ammable air, obt^ned fifom iron and 

T ^ diluted 
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diluted vitriolic acid, communicated a little 
rednefs to the tindture of turnfble. The 
ftream of eledric fluid through this air ap- 
peared more red, and much larger, than in 
common air, being every where furroonded 
by a faint blue light. 

The inflammable air, obtained from fpirit 
of wine and vitriolic acid, was increafed to 
about three times its original bulk, and loft 
a little of its inflammability. 

Fixed air, from chalk and vitriolic acid^ 
was a little increafed in bulk by the action 
of Eledricity ; but it was rendered lefs ab- 
forbible by water* 

Vitriolic acid air, obtained from vitriolic 
acid and charcoal^ was diminifhed a little^ 
and black fpots were formed on the infide 
of the glafs receiver. Afterwards it was ob- 
fcrved, that only one eighth part of the elec- 
trified elaftic fluid was abforbed by water. 
It extinguifhed a candle, and had very little 
fmell. 

Marine acid air i|^med to oppofe in great 

xneafuxe 
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mcafure the paffage of the eledlric fluid; 

fince the fparks would not pafs through a 

greater length than 2t inches of this air. It 

was confiderably diminiflied, but the reft 

was readily abforbed by water. 
• 

Spathous air was neither diminiflied, nor 
any other way fenfibly altered, by the eke- 
trie fparks. 

■ *■, 

Alkaline air, extraded from fpirit of fal 
ammoniac, was at firft almoft doubled in 
bulk ; then it was diminiflied^ little; after 
which it remained without any augmenta-- 
tion or diminution. It became unabibrbir- 
ble by water, and by the contadl of flame 
it exploded, like a mixture of inflammable * 
air and a good deal of common air« 

Common air was laftly tried, and it was 
found to give a little faint redpefs to the 
tin(Sure of turnfole;-. iecoming at the fame 
time fenfibly phlogifl:icated. The.experi** 
ment was repeated thrice at diflferent times, 
and in each time after the eledlrization it 
was exanadned by the admixture of nitrous 
$111: in Mr* Fqi^tana's e^iometer, andjt 
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was compared with the fame air not elec* 
trified ; the latter always fuiFering the 
greatefl diminution. In the firft experi« 
ment the diminutions were 444. and imi ia 



the fecond^ ^l and fv4 ; and in the laft» 44^ 
and 
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The experiments laftly defcribed by Mr« 
Van Marum» were made with a large 
battery, which was charged by the above- 
mentioned machine. The battery conlifted 
of 135 coated phials, all together contain- 
ing about 13^ fquare feet of coated furfacei 
and it was generally charged to the full, by 
about 100 turns of the glafs plates of the 
machine. This battery appears to have had 
a much greater power than virhat was ever 
obtained before by any inftrument of the 
kind. With it they melted an iron wire, 
15 feet long, and t4t of an inch in diame- 
ter ; and another time they melted an iron 
wire, 25 feet long, and ^^ of an inch in 
diameter. 

« 

With this extraordinary power of accu-r 
mulated Elediricity, they tried to give mag- 
flietifm tf> needleS|pade out of watch-fprings, 

which 



fvhich were thx^.ti^nd ^vcf^^^ 
length; andalfo taft?cj l^jirs^^f f^s^jiacjhps ii» 
length, from a quarter to h^£;%n i^ph bijo^ 
and about a twelfth of an inch*tl^i);k.^ . ^erp 
follows thp refult of (hofe ingenious ^^fj^t 
riments. b 

When the bar or needle was placed ho-- 
rizontally in the magnetic meridian, which- 
ever way the {hock entered, the end of th^ bar 
that flood towards the north acquired the north 
polarity, or the power of turning towards the 
north when freely fufpen^ed, and the oppQ«> 
fite end acquired the ibuth. If the bar, be r 
fore it received the ihock, had ibme polarity^ 
and was placed with its poles contrary to 
theufual diredtipn^ then its natural polarity 
was always dimini(hed, and often i^ev^rfed; 
fo that the extremity of it^ which in receivT 
ing the fhock looked towards the north, 
became the north pole, ^c. 

When the bar or needle was ftruck ftand- 
ing perpendicularly, its loweft end became 
the north pole in any cafe, even when the bair 
had fbme magnetifm before, and was placed 

^ with 



WiJf 'th*if(Julh"p6Ic d3«rnW»ds. All other 
iir'curAPhctf&fi ^ftelng ^<w; the bars feemed 
to i'd^tiifr^'^i-Wqual degree of magnetic 
^^r, whether they were ftruck whilft 
ilaiilliin'g horizontally in the magnetic meri- 
dian, or perpendicular to the horizon. 

When a bar or needle was placed in the 
magnetic equator, whichever way the (hock 
entered never gave it any magnetifm ; but 
if the (hock was given through its width, 
then the needle acquired a coniiderable de- 
gree of magnetifm, and the end of it which 
laid towards the weft became the north pole^ 
and the other end the fouth pole. 

If a needle or bar, already magnetic, or a 
real magnet, was ftruck in any diredtion^ its 
power was always diminiihed. For this 
experiment, they tried confiderably large 
bars ; one being 7,08 inches long, 0,26 
broad, and 0,05 thick, 

a 

When the ftiock was fo ftrong, in pro- 
portion to the fize of the needle, as to render 
it hot, then the needle generally acquired no 
magnetifm at all, or very little* 

The 
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: The experiments laftly ti^cd' "^ith- this 
very powerful battery were edncciffling the 
calcination of metallic fubftances, and the 
revivification of their calces. It appears 
that the eledtric (hock produced both thefe 
apparently contradiiftory efFe<a:s« 

The metallic calces ufed in thofe expe- 
riments wrere of the pur eft fort ; they were 
confined between glafles, whilft the fhock 
was pafled over them. By this means the 
calces were fo far revivified as to exhibit 
feveral grains of the metal, large enough to 
be difcerned by the naked eye, and to be 
eafily feparated from the reft. 

As to the calcination of metals, whenever 
a ftiock was employed much greater than 
that which was neceflary to fufe the metal^ 
part of the metal was calcined, and dilperfed 
into fmoke. It is remarkable, that this cal- 
cination or fmoke generally produced feveral 
filaments, of various lengths and thickneffes, 
which fwam in the air. It was farther ob- 
ferved, that thofe flying filaments of metallic 
calx, if a Condudlor was prefented to them, 
were foon attraded by it ; but after the 
; , firft 
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firfl: contaA they were inftantly repelled, 
and generally broke into diverfe parts. 

Thus far of this extraordinary machine, 
to which I fhall only add a wifh, that ma« 
chines ftill larger may be attempted by the 
opulent and the ingenious; for iince this 
powerful machine has (hewn feyeral parti- 
culars both new and interefting» it is very 
probable that larger machines and farther 
experiments will difcover more of the hid-« 
den fecrets of nature. 
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OF THE ELECTRIC PROPERTIES OP THE 

» 

TORPEDO, GYMNOTUS ELECTRICUSy 
AND SILURUS ELECTRIGUS. 

TH E eleftric power, by the ancients 
obferved only in amber, and perhaps 
in the tourmalin, was in procefs of time 
found to be produced by glafs, fulphur, re- 
fins, filk, and diverie other bodies. It has 
been within thefe forty years that its great 
influence has been difcovered in the atmo* 
Iphere ; and not yet fifteen years fince that 
power has been obferved even in the ani- 
mal kingdom. Three fifties have hitherto 
been difcovered to have the fingular property 
of giving ftiocks analogous to thofe of artifi- 
cial Eleftricity, namely, the torpedo, the 
gymnotus eleSiricus, and x\\q Jilurus eleSiri-^ 
cus. 

The ancients indeed were acquainted 
with this wonderful property of the firfl, and 

probably 



288, A P P EN D r X. 

probably of the laft of thofe animals, and It 
was from the property of giving that fhock, 
benumbing fenfation, or torpor^ that they 
called the firft torpedo ; but they were ut- 
terly ignorant of the caufe of it. Two dif- 
tinguifhed writers of the laft century endea- 
voured to explain this property upon mecha- 
nical laws, but their ingenuity was infufii*'' 
cient to anfwer for the phenomenon* 

The principal difcoverle^, relating to the 
identity of the above-mentioned property 
of thofe fifhes and the eledtric fhock, were 
made by John Walsh, Efq. F. R. S. to 
whofc ingenuity we are indebted for the 
demonftration of the power of the torpedo 
agreeing with the eledlric fliock in all the 
points of comparifon in which it could be 
examined ; and alfo for almoft all the other 
difcoveries which were fince made relating 
to animal Eled;ricity. 

The three animals which, whilft- alive, are 
poflefled of an elcdtric power, are belonging 
to three different orders of fifh; and the few 
particulars, which they feem to have in 
common, are the power of giving the fhock; 
S an 
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in organ in their body, now called the ele^c 
organ, which is employed by the animals f6r 
the exertion of that power j a fmooth fkin 
without fcales; afld fottie fpots here ztid 
there on the furface of their bodies. 

The torpcdoj which belongs td thd otdir 
<A raysi is 4 flat fifti, very feldom twenty 
inches in length, weighing not above a few 
pounds when full grown, and pretty comh 
mon in various parts of the fea-coaft of Eu*- 
rope* The eleftric organs of this animsll 
are two in number, and placed one on each 
fide of the cranium and gills, reaching from 
thence to the femicircular cartilages of each 
great fin^ and extending longitudinally frorti 
the anterior extremity of the animal to the 
tranfverfe cartilage which divides the thorax 
from the abdomen. In thofe places they 
flU up the whole thicknefs of the animafl 
from the lower to the upper furface, and are 
covered by the common fkin of the body^ 
under which, however, are two thin mem- 
branes or fafcia. The length of each orgaii 
is fomewhat lefs than one third part of the 
Idngth of the whole animal. Each orgaii 
confifts oi perpendicular columns, reaching 

Vol. II. U from 
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from the aoder to the upper furface of the 
body, and varying in length according to the 
various thickneis of the fiih in various parts. 
The number of tho(e columns is not con- 
flant, being not only different in different 
torpedoSy but likewife in different ages of 
the animal, new ones feeming to he pro* 
duced as the animal grows. In a very large 
torpedo one eledric organ was foundi to 
confifl of 1 182 columns. The greated: 
number of thofe columns are either irregular 
hexagons, or irregular pentagons, but their 
figure is f^r from being conftant. Their di- 
ameters are generally one fifth part of an 
inch. ^V Their coats are very thin, and iecm 
tranfpafcnt, clofely conneded with each 
other, having a kind of loofe net-wprk of 
tendinous fibres pafling tranfverfely and ob- 
liquely between the columns, and uniting 
them more firmly together : thefe are mo£k« 
ly obfervable where the large trunks of the 
nerves pafs. The columns are alfb attached 
by flrong inelaftic fibres, paffing dirediiy 
from the one to the other.'' 

^' Each column is divided by horizontal 
partitions, placed over each other at very 

finall 
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finall diftaQceSy and forming nVtmerous in-* 
terftices, which appear to contain a fluid. 
Theie partitions icbniift of a very thin mem« 
brane, confiderably tranfparent* Their 
edges appear tb be attached to one^ another^ 
and the whole is attached by a fine cellular 
membrane to the infide of the columns^ 
They are not totally detached from one ano- 
ther : I have found them adhering at dif-* 
ferent places^ by blood-veflels pafling from 
one to another/' 

** The number of partitions contained 
in a column of one inch in lengthy of a tor- 
pedo which had been preferved in proof fpi- 
tit, appeared, upon a careful examination^ to 
ba one hundred and fifty : and this number, 
in a given length of column^ appears to be 
common to all fizes in the fame flat^ of hu- 
midity^ for by drying they may be greatly 
altered y whence it appears probable that 
the increafe in the length of the column, dur-<« 
ing the growth of the animal, does not en- 
large the diftance between each partition in 
proportion to that growth; but that nevr 
partitions are formed, and added to the ex- 
tremity of the column from thc/qfciaJ^ 

V 2 '' The 
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** The partitions are very vafcular; the 
arteries are branches from the veins of the 
gills^ which convey the blood that has re- 
ceived the influence of refpiration. They 
pais along with the nerves to the dediric 
organ^ and enter with them ; then they rar 
mify in every diredlion, into innumerable 
fmall branches upon the fides of the co- 
lumns, fending in from the circumfereace 
all around, upon each partition, fmall arte* 
ries, which ramify and anaflomofe.upoix it ; 
and pafling alfo from one partition to ano* 
ther, anaflomofe with the vefTels of the ad* 
jacent partitions." 

** The veins of the eleftric organ pais out 
clofe to the nerves, and run between the 
gills, to the auricle of the, heart." 

" The nerves infcrted into each eledjic 
organ arife by three very large trunks from * 
the lateral and poflerior part of the brain. 
The fird of thefe, in its pafTage outwards^ 
turns round a cartilage of the cramum, and 
fends a few branches to the firfl gill, and to 
the anterior part of the head, and then pafles 
into the organ towards its anterior extre- 
mity. 
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mity. The itcond trunk enters the gills 
between the firft and fecond opening, and» 
after furnifliing it with fmall branches, paf- 
fes into the organ near its middle. The 
third trunk, after leaving the ilculi^ divides 
itfelf into two branches, which pafs to the 
cleftric organ through the gills; one be- 
tween the fecond and third openings, the 
other bbtween the third and fourth, giving 
fmall branches ^o the gill itfdf. The nerves 
haviog entered the organs, ramify in every 
diredtion, between the columns, and fend 
in fmall branches upon each partition, where 
they are loft/' 

** The magnitude and the number of the 
nerves beftowed on theie organs, in propor- 
tion to their fize, muft on reflexion appear 
as extraordinary as the phenomena they af- 
ford. Nerves are given to parts either for 
fenfation or for a<ftion. Now if we except 
the more important fenfes of feeing, hearings 
fmelling^ and tafting, which do not belong 
to the eledric organiSt there is no part, even 
of fhe moik perfect animal, which, in pro- 
portion to its fize, is fo liberally fupplied 
with nerves i npr ^q the ncirvcs feem ncccf- 

' U 3 , fary 





894 APPBNDI 

ia htlomg ta tiit doftric okj^sk 
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Tbof far with the aoafmnlca] deicriplioa 
Df tke aaima] i we lliali now pT D Cc c d to de* 
fcribc its wonderfri dcfiric pioperCies. 

The abofe-^dcribed ^eftric Mgans 6cm 
to be the only parts emplc^ed to ]»odiice 
the (hock ; the reft of the animal appearing 
to be only the CondnAor of diat ftock, as 
parts adjacent to the dediic organs ; and m 
h&f by art^^al Ekdridty, it has been 
found that the animal is a Condvt&oc of tha 
eledric fluid. The' two great lateral fins 
which bound the ekdric organs laterally^ 
are the beft Conductors. 

If the torpedo^ whilft ftaitding in wftter 
or out of the water, hot not infulatedi be 

* Mr. Hunter's aDaComical obfervations on the 
torpedo. Phil. Tranf. VOL LXIIf. 

touched 






touched with onci hand, it .gMserall/t:Ahi- 
fii«ibfc«te» "a ti«tab)ing moti^fd'or llfght 
jihock tb thfe hand, bat dils ftftiiatbtf-ift only 
felt id die fingets xtfTth&t hrndk'- If th^tor-^ 
pedo tte''«ciuched'-«iri£h- botH-HMids at the 
fame tinie» oti& Imtid b^ng i^^^llcd to ite 
tinddr, and the oiiit^r to its ttpp^ fuff^^y 1 
fhd£k in that cafe m^\\}t re«€i¥(fcd, Which is 
exad;Iy like thttt occ^dned bjr the L«ydeil 
^hial. Wh#ft 1^0 hands touch the fifh on 
the oj>^t€ fbrfaces, andjuft o^M the elec* 
trie organs, then th« (hoek i9 A6 ftrohg eft ^ 
but if the hand» ace jplaoed in oth«r pAtt» df 
ihi oppo^tt furfacee^ the; fho^ks ai-^ fi^a*. 
what weaker, and no (tiock at ^ i§ fcjlt 
ixrhen the bands are both placed '\ff6n- tB6 
eleflric organs of th6 fatse Cvitf&ctf i'^\»hich 
fhews that the ttpf)tp^ and lowdf fatfites of 
the electric organs are in oppofite Atttts of 
Eledtricity, anfwering to thtf/us SLud minus 
fides of a Leyden pmai; ; Wfi^ri the M is 
touched by both hands on the fime iftrf fade, 
arid the hands are not placed eXa'fH5roff tk$ 
elcftric organs^ a" fhock thcfflgh 'wihiis ftill 
received, bat in (hat Cafe the oJppdflitB'povver 
of the-<jthTer Mh^eGf'ditihi&if^itfii t^ 
be' Cdflduftcd over rtie fTdn;' "-' ' " ' 

U 4 .The 
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The (hock giyen by the torpedo when 
in dr is about four times as ftrong as when 
in water ; and when the ianimal is touched 
on both furfacea by the fame hand* the 
thumb bpiog applied to one furface^ and the 
middle finger to the Oppofite furfate, the 
ihock is felt iOiuch ftronger than wh?n the 
circtfit is/formed by both hands. Some- 
times the torpedo gives the OioekjB fo quick-* 
ly one after, the pther^ as icarcely to elapie 
two ieconds between them j; and when, in^ 
(lead of a ftrong determined (lro|ce, it com^ 
munipatesonly^^ torpor ^ that fenialion is 
juiUy attributed to the fucceflive and quick 
difcharge of many con^cutive ffnall (hocks. 
Jt is very fiqgular, th at the torpedo, even 
when infulated, (hould be capable of giving 
a great many (hqcks tq per^QS likewife m^ 
fulatec}, ^ 

This power of the Jorpedo is conduced 
by the fiime fubftances which conduif^ 
El^dtricity, and is interrupted by the fame 
fubftances which ^re not Cgndu^^ors of 
^ie£tricity ; henpe if the animal, in^iead of 
^ing touched imcnediately with the handsi^ 
\» touched by npn-^lei^rics^ as wires^ two 

wet 
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wet cords, or other Condudors of Elec- 
tricity, held in the hands of the experi- 
menter, the ihockwiUalfo be communicat- 
ed through them. The circuit may alfo be 
formed by feveral perfons joining hands, and 
the fhock will be felt by them all at the 
fame time. When the animal is in water, 
if the hands are put in the water, a fhock 
will alfo be felt, which will be ftronger if 
one of the hands be brought quite into con- 
tail with the filh, whilft the other hand is 
kept in the water at a dillance from it. la 
fhort, the fhock of this animal is conducted 
by the fame Conductors which conduft 
that of a Leyden phial. This fhock of the 
torpedo may be alfo conduced by feveral 
circuits at once, and the circuit may be con- 
fiderably extended ; but the fhock is always 
weakened by lengthening or multiplying the 
circuit. 

The fhock of the torpedo cannot pafs 
through the leafl: interruption of continuity 
in the Condudors which form the circuit ; 
fo that it will not be condudted by a chain, 
nor will it pafs through the air from one 
Conduftor to the other, when the dillance 
between 
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between them Is lef» Chan the twahundredth 
part of an inch ; confequently no lpmtk4i«s 
ever been obferved to accon^paoy it^ ' 

No elcAric attradion or repulfion could 
be ever obferved to be produced by the tor- 
pedo, nor, indeedj by any of the . el^ikric 
fi(hes ; though fcveral experiments hare 
been purpoiely made with tb<m« 

Thefe (hocks, of the torpedo feem to de- 
pend on the will of the animal ; for each ef- 
fort is accompanied with a depr^ffion of his 
eyes, by which even his attempts to ^ive it 
to non-condudlors may be obferved* It is 
not known whether both eleflrfc organs 
muft always a6t together, or only one of 
them may be occafionally put in aftion by 
the will of the animal. . 

All thefe efFedts of the torpedo may be 
imitated by means of a large eledtric bat- 
tery weakly charged, and fornifhed with 
Mr. Lane's eleftrometer, the balls of 
which muft be put exceedirtgly near, or 
almoft in contadt with each other. But the 
properties of the gymnof us ele6tricus, which 
we are going to dcfcribe next, mil throw 

more 
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more light on thofc o£ the torpedo, and 
(hew much more ctidemly their aiiatdgy 
with the power of the elcftrte fluid difperfed 
through a vaft furface of coated eleftric fob* 
ftance. •' But/' fays Mr* Walsh, «• after 
*• the difcovcry that a large area of rare 
** Eledhricity would imitate the effeft of 
•* the torpedo, it may h& inquired, wber6 
•• is this large area to be found in the animal? 
«* we here approach to that veil of nature, 
•* which man cannot remove^ This, bo^ 
•^ ever, we know, that from infinite diviiioA 
** of parts infinite furface may arife, and 
*• even our grofs optics tell lis, that thofe 
^* fingular organs, k> often mentioned^ con* 
" fift, like our eledric batteries, of mj^ny 
^' vefTels, call them cylinders or hexagonal 
•* prifms, whofe fuperficies taken together 
•' furnifli a confiderable area */* 

The gymnotDS eleAricos has beefi fr«o- 
queiiftly called eleBrical eeU on account of its 
fuperficial refemblance to the common eel ; 
though, when accurately examined, ir is 
fbusd to have tiOts^ of the fpecific properties 
of that animal. The gymnotus is found 
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pretty frequently in the great rivers of South 
America. Its ufual length is about three 
feet; but it has been faid that fbme of them 
have been feen fo large, as to be able to ftrike 
a man dead with the (hock of their elcfftrie 
organs. A few of thefe animals were 
brought to England about ten years ago, 
whichj as far as I know, were the firft of 
the kind brought to Europe. They had 
been catched in Surinam river, a great way 
above where the falt-water reaches. It was 
with thofe identical fiihes that Mr. Walsh 
made many difcoveries relating to their elec<» 
trical properties, and the experiments which 
fhew thofe properties were publicly exhi- 
bited in London, during feveral months. 

The fubjeft of Animal Eledtricity was 
confiderably advanced by the difcovery of the 
fpark, with which the (hock of the gymno- 
tus was attended ; for, notwithftanding the 
previous difcoveries relating to the torpedo, 
and the adual poflibility of imitating the 
cffedts of that animal's extraordinary power 
by means of a large battery weakly charged 
vdth artificial Eledricity, yet the fcrupu^ 
lous philofophers ftill fufpedted that the pow- 
er of the torpedo might be fom6thing differ- 
ent 
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cnt from Elcftricity, fincc the two princi* 
pal chara<3:erifl:ics of Electricity, namely the 
fpark and the attraction^ had never been dif- 
covered in the torpedo;, and at the fame time 
it was difficult to conceive the manner in 
which the eledtric fluid might be generated, 
accumulated, and difcharged in an animal, 
which, at lead in its ufual ftate of exigence, 
is a Conductor of Electricity, and is fur- 
rounded by a fluidwhich is likpwife a Con« 
dudtor of that power. This indeed itill re- 
mains a profound fecret ; and it is difficult 
to fay, whether any future experiments will 
ever difclofe it. But the fpark having been 
diicovered with the gymnotus, the analogy 
between its power and EleClricity is ren- 
dered confiderably more evident, and it 
would be fcepticifm to doubt, of the pro- 
perty of the torpedo being derived from the 
fame cauie as that of the gymnotus. 

In order to proceed regularly, I ihall now 
begin with the deicription of the animal, 
and (hall then enumerate its eleCtrlc proper- 
ties, in a very concife manner. 

« 

A gymnotus of three feet length, is gene- 
rally 
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rtUy between ten and fourteen inches ia 
circumference^ about the tbickeft part of its 
body. The eledric power of this animal 
being much greater than that of the torpedOf 
its eleftric organs are accordingly a great 
deal larger, and indeed that part of its body 
which contains moft of the animal parts, or 
the parts common to the fame order of 
£i(hes> is coniiderably (mailer than that 
which is ibbfervient to the electric power ; 
though the latter muft naturally, derive 
nouriihment and adion from the former* . 

The head of the animal is large, broads 
fiat, fmooth, and imprelQed with various 
fmall holes. The mouth is rather larg^e, 
but the jaws have no teeth, fo that the ani* 
maMives by fusion, or by fwallowing the 
food entire. The eyes are fmall, fiattilfa^ 
and of a bluifh colour, placed a little way 
behind the noftrils. The body is large^ 
thick, and roundifh for a confiderable dif^ 
tance from the head, and then dimini0iea 
gradually. The whole body, from a few 
inches below the head, is dillinguiibed into 
four longitudinal parts, clearly divided from 
each other by lines. The carina begins a 

few^ 
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few inches below due head, and widening as 
it proceeds^ reaches as far as the tail,. where 
it i« thinneft. It has two perioral fins, and 
the anus iM fituated on the under part, more 
forward than thofe fins, and of courfe not 
far diftant from the rojlrum. 

This animal has two pair of eledric or:* 
gans, one pair being larger than the otberi 
and occupying naoft of the l<pngitvdm«l pAirfi9 
of the body. They are divided from :each 
' other by peculiar membranes. ^* The 
ftruifturc of thefc organs is e;Xtremely fimplc 
and regiilar, coii$f):ii)g qf -two parts, war, 
flat partitions oi Jiptu^ and crofs divifions 
between them. The outer edges, of tJbefe 
ftpta appear externally in parallel, linesnear-f 
ly in the dire(3tion of the longitudinal aicis 
of the body. Tbcfe Jip^ art thin mem- 
branes placed nearly parallel to one another : 
their lengths are nearly in the direcflion of 
the long axis, and their breadth is nearly the 
iomidiameter of the :body of the animaL 
They arp of differeiit bngths^ fcroe being n 
long as the whole organ. I /hall defcribc 
them as beginning prirlcipally at the anterior 
end of t^iG. organji although a few begin 

5 along 
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along the ttpper edge; and the whole^ pafling 
towards the taiU gradually terminate on the 
lo\Yer forface of the organ, the lowermoft 
at their origin terminating fooneft. Their 
breadths differ in different parts of the organ. 
They are in general broadeft near the ante* 
rior end, anfwering to the thickefl part of 
die organt and become gradually narrower 
towards the tail; however, they are very 
narrow at their beginnings or anterior ends. 
Thofe neareft to the mufcles of the bacic arc 
the broadeft, owing to their curved or ob-* 
lique fituations upon thefe mufcles, and 
grow gradually narrower towards the lower 
parts ; which is in a great meafure owing to 
their becoming more tranfverfe, and alio to 
the organ becoming thinner at that place. 
They have an outer and an inner edge: the 
outer is attached to the ikin of the animal, 
to the lateral mufcles of the fin, and to the 
membrane which divides the great organ 
from the fmall ; and the whole of their inner 
edges are fixed to the middle partition, to 
the air bladder, and three or four terminate 
on that furface which inclofes the mufcles of 
the back. Thefcjepta are at the grcatcfl 
diftance from one another at their exterior 
2 edges 
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edges, near the fldn, to which tblJJ^ af 6 Unit- 
ed ; and as they pafs from the fkin towards 
their inner attachrtients they approach one 
another : fometimes we find two uniting 
in one. On that fide next to the mufcle^ 
of the back they are hollow from edge to 
edge, anfwering to the ftiape of thoife ttiuf-i- 
cles, but become lefs and lefs fo towards 
the middle of the organ -, and from that to-* 
Wards the lower part of the organ they be- 
come curved in the other diredion. At 
the anterior part of the large organ, where it 
is nearly of an equal breadth, they run pret- 
ty parallel to one another, and alfo pretty 
ftraight ; but where the organ becomes nar-* 
rower, it may be obferved in fome places 
that two join or unite into one, efpecially 
where a nerve pafles acrofs. The terrriina-^ 
tion of this organ at the tail is fo very fmall, 
that I could not determine whether it con- 
fided ofone/eptum or more. The diftanees bc^ 
twcen thtk /epta will difier in fifties of dif- 
ferent fizes. In a fi(h of two feet fout 
inches in length I found them ^ of an inch 
diftant from one another, and the breadth of 
the whole organ, at the broadeft part, about 
an inch aad a quarter, in which fpace were 
; Vol. IL X 3^/^pfa. 
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'T^/^fepta.' The fmall organ has the fame 
kind oi fepta^ in length paffing from end 
to end of the organ, and in breadth pailiDg^ 
ijuite acrofst they rnn fbaiewhat ferpentin^^ 
not exaftly in ftraight lines. Their outer 
edges terminate on the outer furfaee of the 
organ, which is in contaA with the inner 
Surface of the external mufcle of the fin, and 
their inner edges are in contact with the 
centre mi>icles« They differ very much m 
breadth from one another ; the brc^eft bo 
hig equal to one iide of the triangle, and the 
narroweft icarcely broader than the poim: or 
edge. They are pretty nearly at equal dil^ 
tances from one another ; but m^ch neaiier 
than thofe of the large organ, being only 

bout Vt P^r^ o^ ^" i"cl^ afunder : but they 
are at a greater diftance from one another 
towards the tail, in proportion to the increafe 
of breadth of the organ. The organ is about 
half an inch in breadth, and has fourteen 
fepta : thefe feptht in both organs, are 
very tender in confiftence, being eaiily torn; 
they appear to anfwer the fame purpofe 
with the columns in the torpedo^ making 
walls or hutments for the fubdivifionsi and 
are to be confidered a$ making (o many diif- 

10 ' tinA' 
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tindl organs. Thefe fepta are Interfedlcd 
tranfverfely by very thiri plates or mem- 
brane§, whofe breadth is the diftance between 
ahy two feptdj amd therefore of different 
breadths in different parts ; broadeft at that 
edge which is next to the fkin, narroweft 
at that next to the centre of the body, or to 
fhe middle partition which divides the two 
organs from one another. Their lengths 
are equal to the breadths oi the fepia be- 
tw6eri whifch they arc fituated : there is a 
regular feries of them continued from one 
6nd bf any two fepta to the other ; they 
apipear to be (o clofe as even to touch. In 
an inch in length there are about 24id, 
which .multiplies tlie furface in the whole 
fo a; vafl extent*.'* 

The nerves wliich go to the eledtric or- 
^ans of the gymnotus, as well as of the tor- 
ped*o, are much larger than thofc which 
fupply any otTier part of the body. The 
eledlric organs of the gymnotus are fupplied 
with nerves frorri the fpinal marrow, and 

♦ Mr. HuNTER^s aiccount of the Gymnotus Ele<SlrI- 
cw. Pliil. Tranf. Voh LXV, 

X 2 they 
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thjey come out in pairs between the vertebrae 
of the fpine. 

The gymnotus poffefles all the eledtric 
properties of the torpedo, but in a fuperior 
degree. His fhock is conducted by the 
Condudlors of Eleftricity, and interrupted 
by the non-condudtors of the eledlric fluid. 
Hence the (hock is communicated through 
water, without the immediate contadl of the 
animal, or through any other proper circuit; 
but the flronger fhock is received by touch- 
ing the animal when out of the water; and 
the befl way to receive flrong fhocks, is to 
apply one hand towards the tail, and the 
other towards the head of the animal. Iii 
this manner I have often received fliocks, 
which I felt not only in my arms, but 
even very forcibly in my breafl. If the 
animal be touched only with one hand, theij 
a kind of tremor is felt only in that hand, 
which though ftronger, is quite analogous 
to the fenfation communicated by the tor- 
pedo when touched in the like- manner. 
The gymnotus's power of giving fliocks is 
alfo depending on the will of the animal, fb 
that fometimes he gives very ftrong fliocks, 

and 
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and at other times very weak ones, but he 
gives the ftrongcft (hocks when provoked by 
being frequently and roughly touched* 

When fmall fifties arc put into the water 
wherein the gymnotus is kept, they are ge- 
nerally ftunned or killed by a (hock, and 
then they are fwallowed, if the animal is 
hungry. The fifhes which are ftunned by 
the gymnotus may often be recovered by 
being fpeedily removed into another veflel 
of water* 

The ftrongeft fliocks of the gymnotus 
will pafs a very ftiort interruption of conti- 
nuity in the circuit. Thus they will be 
condudted by a chain, efpecially when it is 
not very long, and is ftretched, fo as to bring 
its links into better contadt. When the 
interruption is formed by the incifion made, 
by a pen-knife on a flip of tin-foil that is 
pafted«on glafs, and that flip is put into the 
circuit, the fhock in pafling through that 
interruption will fliew a fmall but vivid 
fpark, plainly diftinguifliable in a dark 
room, 

X 3 ' Mr. 
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Mr. Walsh made gnpther remftrkabl© 
^fcovery with the gymnotus, which he 
fhewed at his houfe to various ingenious per- 
fons : it was a new fort of fenfe in the ani- 
mal, by which he knew when the bodies 
which came npar him were fuch as could 
rpceive the fliock, {viz. Condqdlors) apd 
when they were of the contrary nature; in 
the former of which cafes the animal gave 
the (hock, but not in the latter, - In order 
tp (hew this wonderful property, divers ex- 
periments were made, but the moft convinc- 
ing one was the following : — the extremities 

^ of two wires weredipped into the water of the 
veflel wherein the animal was ^cept, then they 
were bent, and extended a great way; and 
laftly terminated in two feparate glaflesfull of 
water. Thefe wires being fupported by 
non-condu<aors at a confiderjj^bi^ diftance 
from each other, it is plain that the circuit 
was not complete ; but if a perfon put the 
fingers of both his hands into the glafies 
wherein the wires terminated, viz. thofe of 
one hand into one, and thofe of the other 
hand into the other glafs, then the circuit 
was complete. Now it was conftantly obr 
ferved, that whilfl the above^defcribed cir- 

cuit 
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cult remained interrupted, the animal never 
went purpofely near the extremities of the 
wires, as he ufed to do when willing to give 
the (hock : but the moment that the cir-* 
cuit was completed, either by a perfon or any 
other Condudor, the animal immediately 
went towards the wires, and gave the fliock ; 
though the completion of the circuit was 
performed quite out of his fight. 

Several other particulars, not only concur- 
ring to prove the above-mentioned property, 
but otherwife interefting, were afcertained by 
Mr. Walsh ; but for thefe we mull; wait 
till that ingenious gentleman will favour 
the public with a particular account of his 
refearches* , 

The third fi(h which is known to have 
the power of giving the (hock, is found in 
the rivers of Africa, but we have a very 
irnperfeft account of its properties *• 

* Meflrs. Adanson and Forskal make a fhort 
mention of it, and Mr. Broussonet defcribes it, un- 
der the French name of le Tnmhkurj in the Hift. dc 
rAcadenue Royale des Sciences, for the year 1782. 

X 4 This 
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This animal belongs to the order which 
the naturalifts c^ll^Iurus; hence it is com-* 
monly called Jilurus eleSiricus. Some of 
thofe fiflies have been fcqn even above twen^ 
ty inches long. 

The body of the filur^s eleftrlcus is ob-f 
Jong, fmooth, and without fcales; being ra- 
ther large, and flattened towards its anterior 
part. The eyes are of a middle fize, and are 
covered by the fkin, which envelopes the 
whole head. Each jaw is armed with a 
great number of fmall teeth. About the 
mouth it has fix filamentous appendices, viz. 
four from the under lip, and two from the 
upper ; the two external ones, or farthermoft 
from the mouth on the under lip, are the 
longeft. The colour of the body is greyifti, 
and towards the tail it has fome blackiQi 
fpots. 

The eledlric organ feems to be towards 
the tail, where the fkin is thicker than on 
the reft of the body, and a whitifli fibrous 
f^bftance, which is probably the eled:ric or- 
gan^ has been diftinguifhed under it* 

X It 
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It IS faid that the filurus eledricus has 
the property of giving a (hock or ben,omb- 
ing fenfation like the torpedo, and that this 
fliock is communicated through fubftances 
that are condudlors of Eleftricity j but no 
other particular about it is known with any 
confiderable degree |of certainty. 

An inquiiitive mind will immediately 
enquire, for what purpofe has nature fur- 
nifhed thofe animals with fo lingular a pro* 
perty. But the prefent knowledge of the 
fubjedl feems to furnifh no other anfwer, 
except, that they are endowed with the 
power of giving the fhock for the fake of 
lecuring their prey, by which they muft 
fubfift, and perhaps of repelling larger ani- 
tnals, which might otherwife annoy them. 

The ancients confidered the (hocks given 
by the torpedo as capable of curing various 
diforders ; and a modern philofopher will 
hardly hefitate to believe their affertions, 
after that Electricity has been found to be 
a remedy for mgny difeafes. 
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A. 

jnBSCESSES clcarified, II. 153. 

Jigues eledlrified, II. 155* 

Jsr, generally eleftrified, 72 ; is difplaced and rare/ied 
by a fhock, 274 ; to charge a plate of, 285 ; when 
hot becomes a conductor, 324; how cledrified, 326; 
efFe£ls produced by fparks in it, IL 281. 

Jir-fump^ ufed for cleSrical experiments, 237, 238^ 
241 i the patent one recommended, 243. 

Jlkaline air, efFeds produced by the eledlric fparks ia 
it, IL 281. 

Amalgam for the excitation of glafs, 142. 

^«/»w/ eleflricity. If. 287. 

jfnimals elcftrified, 43, 44, 47. 

Jpparaiusy eleflrical, in general, 134. 

jttmofphen, ele£lrical, 209, 212, 215, 217; rendered. 

vifible, 241. 

if/«^A^r/Vtf/ele6lricity, 71, II. 37; clcftrometer, II, 
40, 42, 269. 

^//r^<f?/<?«, eled^rieal, 2, 16; between bodies poflcfled of 
different eledlricities, 43, 195, 199^ explained, 109 ; 
Ihewn by experiments, 190,333; in vacuo, 196. IJ, 
92, 95 ; exerted to a great diftance, II, 275 ; not 
obfervable with the eleSric fiflies, II. 298. 

Aurora borealis^ fuppofed to be an ele6trical phenomenon, 
75 ; when ftrong it has been known to have difturbed 
the magnetic needle, 75 ; imitated, 238 ; does not 
feem to influence the eledricity of an electrical kite, 

11.38. 

B. Baked 
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B. 

Baked wood^ in what tnanner it muft be prjepared for the 

conftrudion of infulating ftands, 179. 
Ball of fire obferved once in a charged jar, II. 225. 
Balk^ dancing, 346; of glafs charged and fealed, 357, 

BatUry^ eleftrical, 60 ; what fort of glafs is beft for Jt» 
147 ; defcribed, 175 ; feveral fmaliones preferable to 
a large one, 178 ; experiments with it, 308, II, 282 j 
precautions in the management of it, 308. 

Belhi ele<ftrified, 338. 

Bladder^ eJedlrified, experiment with it, 299. 

Black fbecks, contra£^ed by the glafs cylinder of at| 
elearical machine, 185. 

Bohmtan ftpne, artificial, how made, 231. 

fiuildirjgSj conductors to defend them from lightning, 
Si ; feme flruck by the lightning, though furnifhed 
with fliarp terminated conductors, 81 • 

C. 

■ Calces^ metallic, revivified by means of Ele6lricity, 65. 
II. 285. / 

CaUination of metals effefled by Eledricity, II, 285, 

I Cancer 5 eledrified, II. 152. 

Candle lighted by means of an elcClric fliock, 278. 

Capacity of condudlors, II, 244 5 of the Leyden phial, IL 

^57- 
Cards pierced by a (hock, 263 ; efFedl of the fliock fent 

over them, 265 ; illuminated by a fliock, 266, 
Caij its Eleftricity, II. 66. 
• Cement for eledrical purpofes, defcribed, 137. 
^ Chair^ infulated, II. 137. 
[ Charcoalj its properties refpeSing Elefiricity, 13. 
k Charge of an elecftric jar does not refide in the coating, 
\ 252 r does not expel any of the air contained h» the 

Charged 
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Charged tlc&ricSf when very thin, arc cafily broken by 
fpontaneous difcharges, 56 ; are not required to be 
of ^ny particular £ape, 56 ; their charge filently 
diffipated, 58, 59 ; in what part the charge refides, 
356; Mr. Canton's, 357; one of their fides may 
contain a little more Electricity than the other, 358. 

Charging of elcftrics, what, 52, 55 ; firft •bfcrved, 56. 

Chocolatey excited by cooling after having been melted^ 
26. 

Cirnr//, between the fides of an ele£lric jar, or coated 
electric, 61 ; its length weakens the power of the 
fhock, 187. 

Clay fwelled by a fiiock, 269. 

Cfott^ generally eJeftrified', 72, 74; often influence the 

Electricity of an eledlrical kite, II. 

Coated dc&ncsy 53, 147, 150; how coated, 148, 291. 

CilourSy prifmatic, marked by means of EleClricity, 3129 ' 
317 ; experiments on them, II. 59. 

Comtuflion of coals generates Electricity, II. 268. 

C^mmunUation with the earth> necefiary for the rubber, 

34- 

Condenfer of Eledricity, what, II. 

ConduSlory prim^ defcribed, &c. 144. 

Condueiorsy vwhat, 3, 5, 98, 123 ; lift of, 10 ; for the 
lightning, 78, 79 ; of what form are reckoned the 
beft for the lightning, 81. II. 207, 223 ; in what 
manner their power may be afccrtained, 192, 311 5 
their capacity, II. 244 ; conjugate, what, II. 245. 

Conjugate conductors, what, II • 245. 

ContraSfion^ mufcular, cured by means of EleClricity, II, 

Cooling electrifies certain fubftances, 24. 

CtfTifjfor'eleCtricjars fhould be varniflied, 175. 

C^ri-i/?// electrometer defcribed, 169. 

Cotton electrified, experiment with it, 297. 

Courfe of the eleCtric fluid, 257, 332; (hewn by means of 
the Hame of a wax- taper, 257 1 (hewn by means of a 

pith-ball. 
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pith-ball, 259 ; Ihewn by means of the Leyden va- 
cuum, 261 ; {hewn by means of a card, 268 ; (hewa 
by means of the fpontaneous difcharge, 270. 

Cryfiallization of oil of tartar eiFedled by means of 
Eleftricity, 354. 

Cup and chain J experiment of, 331. 

Cylinder^ a very good form for the elefiric of a machine^ 
137 J medicated, II. io6. 

D. 

Dance^ St. Vitus's, cured by means of Elefliricity, IL 

i5'> i77» i83i' 
Deafnefs eleftrified, II. 146. 

Diphlogijiicated 2Xty efFedls of the eledric fparks on it, II. 
. 279. 

DireSfion of the paffage of the eleftric fluid, i8 5 (hewn 
by the difcharge of a jar, 256. 

DinHorSy what, II. 122; 125, 131. 

Difcharger^ univerfal, defcribed, 174. 

Difcharging of charged eleftrics, 58 ; their fpark is fhort 
in proportion to that of an eledlriiied conductor, 59; 
is performed inftantaneoufly, 60 ; not afFeded by the 
inflexions in the circuit, 61 , weakened by the length 
of the circuit, 61 i in water, 62 ; through feveral 
circuits at the fame time, 247. * '^ 

Difcharging eleftrometer, 171. 

Difcharging rod, what, 151 ; defcribed, X77, 

Dropfy^ eleftrified, II. 154. , 

E. 

' Earthquake^ attributed to EIe£lri(^ity, 75.; reprefentation 
of, 267, 318. 

Bffervefcences generate Electricity, II. 268, 

.^^ttv/tf of burning bodies, an inftrument to try their 
• conducing power, IL 88. 

Elajlic fluids, effeas qf the fparks taken in them> II. 278. 

h EliJfric 
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MkSlric appearances, what, i^ 

EU^ric fluid, fee Fluid: 

EleSiric^ for a machine, was fornfierlv ufed of different 
fubftarnces and forms, 136; which is beft ^3^; H 
fhould turn round about fix times in a fecoA'd, 141* 

Ele^ric {hock, what, 53. 

EkSfriced rtiachine, kt Machine ; — air thermioihcter, fie 
Thermometer ; — eel, fetf Gymnotus 

Ele^ricitYy what, 2, 123; of two forts 18, 19, 20 ; vitre- 
ous, what, 19 ; refinous, 20 ; produced by different 
methods, 24 ^ excited by friftion, 2, 24 j excitc<i bf 
melting, 8rc. 24, 25, ; &c. excited by heating and 
cooling, 28 ; acquired by acondudlor prefented to ati 
elecSlrified body, 37 ; how parted amongil condudWs^ 
43» 83, 280, 313 ; effedls produced when cotnmuhi* 
cated to animals and other organized bodies, 44. II. 
1^1 ; not affected by ignition^ 47 ; m#liat manner it 
affeded by, or afFeds magiletifm, 47,- 60, II. 283 ; 
the fenfation it occefions on the face, &c. 47 ; rs con- 
dudled over the furfaccs of certain bodies, 54, $19 j 
k meets with fome obftru£lion in pafling throu^^ 
conduftors, 6ii; not obfervable within a narrow cavi- 
ty, 131 ; its quality how afcertained, 206, 222 ; vin- 
dicating, what, 360 ; when very weak how difcover- 
cd, 11. 65, 259, 263, 264. 

EleMrics^ What, 2, 5, 98 ; perfe^ what, 5 ; lift of, 7 j how 
affefted when prefertted to an electrified body, 48^ 
50 ; charged, 52 ; augthenting their capacity of hold- 
ing ele6kic fluid, po8; refmous, how coated, 291 ; 
fluid, how coated, 291 ; become condudors When* 
hot, 322, 324, 325. 

Ele^rometer, what, 152 ; divers, on a proper ftand, de- 
fcribed, 168 ; of cork- balls, how made, 169 ; qua- 
drant ele^roifttftdr, 1 70 ; difchtf^ing ele6hx>meter^- 
171 ; of cork-balls eleftrified, 190 ; on the prime 
conduftor when diverging moft,- 327; ftandard of the-, 
quadrant ele£lrometer ufed with the electrical kite« 
IL 13 ; for the atmofphere^ IL 40 ; for the rain, 11. 
45. for the pockety 11. 47 s imjiroved atmofpbericalj* 
H. 79. 

EU^rophoruSj^ 
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£l€^ropbcrttS9 experiments with it, II. 49. 

Emereddy it? eleftrrc properties, 32. 

E/fgirte to move the eIe<Slric of aa eledtrlcal machine, 
140. 

Evaporation generates Ele^ricity, 24; 33, II. 263, 268 i 
promoted by electrization, 347. 

/• Ether y what, IZI. 

Excitation^ 2, 9 ; different methods of, 24. 

Explojion, lateral, 281 ^ of a battery louder in certain ck* 
cumftances, 320. 

F. 

Fairy circles,. 3^5, Jl6- 

Fire, what, 115 ; produced by Etearicfty when pafling 
through bodies that obfiru£): its free paflage, 119 » 
St. Anthony's, cured by EleSricity, II. i66, 

Fijlula lacrymalisyCMtzA by £ie6bicity,.IL 149, 167, i85« 

Flannel, its eledric power, II. 66 ; fparks drawn through 
it in Medical Electricity, II. 136. 

Fluidy electric, 106^ its nature, 112 ; is a tL\x\A fid g.^nt" 
risy 114; whether it refembles iSre, 116; fuppofed to 
b€ a modification of the element of fire, 119; yielded 
by bodies abounding with phlogifton, 120 ; whethi^r 
it bears any fimilarity to- ether, 121 ; where refidiifg^ 
126, 130, 132 ; its chymical a£tion, II. iii. 

Fluidsy electrified, 45 ; permanently elaftic, ar^conduc- 
tors, 70 } permanently elaftic, how afFedted by elee* 
trie fparks, II. 278$ of the hximan body, are better 
conductors than ottiers, 349* 

Fluxes electrified, IL 1:58. 

Fljy electrical, defcribed, 179 ; cxpcrindeiit with It, 296. 

Flying feather, i96t 

G. 

Gkfsy Its properties rcfpcCting EleCtricity, g, 9, 324. II. 

52; in what'manner it may be made rough, 21 ; it 

remains longeleCtrified, 36^ tube of, acquires fuccef- 

. iive zones of politive and negative Eledricity, 51 ; 

marked 
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marked with prirmatic colours by the eledric {hock^ 
63,267 ; when thin isapt to be broken by adifchargCt 
J47 ; a fort of, which will not hold a charge, 149 ; 
globeb and cylinders have fometimes burft in whirl- 
ing, 138 y pillars ought to be varnifhed, 18b ; metals 
firuck into ic by means of a ihock, 279 ; ftained by 
the fbock, 280. 

Gold leaf, melted by a fpatk from a prime condu£tor, II. 

277. 
Gcui eleSrified, II. 155. 

Gun-pGwder fired by means of £le£iricityi 277. II. 241^ 
242, 276. 

Cuttaferena electrified, II. 148. 

Gymnotus eledricus, its properties, II. 287. 
defcribed, 11. 299, 301. 

H. 

JIail often eledlrified, 74. 

Jiair^ its eleSricity, II. 65. 

Head-aches clcAnficdy Ih 154. 

Heat pervades feme bodies 6a(ier thanotherSf 117. 

Heating of certain fubftances produces Eledricity, 24, 

29» 32- 
Hypothefts of Eleftricity, 106. 

I. 

y^r, eleflric, what, 56 ; it holds a greater charge in con- 
denfed air, 57 ; a large one is better than many fmall 
OBCs, 148; one particularly defcribed, 175; when hot 
it holds a better charge, 186 ; caution in difcharging 
them, 186, 188; often broken by the difcharge, i86i 
remedy to prevent their breaking, 186; method of re- 
pairing them when cracked, 187 ; are more eafily 
broken when any cement is upon them, 188 j when 
infulated cannot be charged, 248; charged with its 
own eledric fluid, 250 ; in what manner feveral may 
be charged almoft as eafily as a fingle one, 252; the 
air contained in it is n€t expelled by the charge^ 254 > 

iu 
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its capacity compared to condu(^ors fimply ele(^ri-» 
fied, II. 257; difcharged {ilently^ 294.; for the 
pocket, how conftruded, II. i2. 

lUi its conducing and non-condu£iing powers, 10, 11 ; 

hfiammahU air, cfFeds produced by the fparks taken in 
it, 11. 279. 

Inflammation of combuftible fubftances by means of Elec- 
tricity, 228, 230. II. 276. 

Inflammations eledrified, II. 147^ 162 5 pulmonary, 
cledrified, II. 153. 

Injirumenti eledrical, for the production of Ele£lricity> 
135 ; ufed with an eledrical kite, II. ii. 

Infulating ftands, how conftru£led, 179. 

Infuktion^ what, 4. 

Journal of experiments performed with the eleilrical 
- kite, II. 15; performed with the atmofpberical clec*^ 
trometer^ lI. 44. 

K. 

Kiiil eledrical, firft raifed by the author, 11. 2 ; con* 
.ttru£lion of, II. 4; precaution in raifmg it> II. 9» 
13; experiments performed with it, II. 15 ; contri- 
butes little or nothing towards colledling the Elec- 
tricity from the atmofphere, II. 27 ; general laws 
deduced from the experiments made with it, II. 37. 

L. 

Lateral explofion, 2^2. 

Laws of Eledricity, deduced from the experiments 
made with the ele£trical kite, II. 37 ; deduced from 
the' experiments made with the atmofpherical elec- 
trometer, II. 42. 

Leaden phial, and Leyden experimeiK, what, 56; ex- 
periments made with it, 245 ; fee Jar. 

Leyden vacuum, 261. 

Lifey animal and vegetable, how affefted by Elciariclty, 

45- 
Vol. IL Y Li^ht, 
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Lightf elefiric^ appears of differeat (hapesi aceording td 
the quality of (heElefbicity) 17 ; experiments upoQ 
it, 219; has the prifulatic Colours^ 044 s its pene- 
trability ihewn, 335, 336. 

Lightning is an eledrie phenomenon, 72 ; imitated, 73^ 
290; brought dcfwn, 73 ; how it happens, 74. ; its 
peculiar eScA on painted mafts, II. 61 ; condu^ort 
to defend buildings from it, (be CbnduSiors. 

Lining of glafs globes, &c. for an eledrical machine^ 
13$ ; compontion fdr it dtfcribi^d, 13^. 

Xtt/R^^TT abfcefs, eledrified, 11. 153. 

Lumnous conductor, 234. 

LungSy difeafes of ele&ified, II. 153* 

M. 

• 
Macbiney eleftrical, what, 3 ; general cohflru^lion of, 
135 ; Dr. Prieftley's, 154 j plate Obe, 158. II. 273 ; 
moft ufefulone, 160; Mr.Nairne*s, 165 ; how pre- 
pared for experiments, 1S2 ; a£ls well in frofty wea* 
tber, i8a ; does not a£t well in damp or hot weather, 
181, 184, l8c ; a very powerful one fbr the iiiaf«im 
of Zeyler ^ Harlem, defcribed, it. 273. 

Magnetifm^ whether interfering with Eledricity, 47, 
66 ; given by Ekfiricity, 66. II. 283. 

Marine acid air, eflfe&s produced by the eleAric (parks 
in it, II. 280- 

iI//irVd/£ledricity,86 ; practice of, II. J05 ; diredlions 
for the adminiftration of, II. 115, 189. 

Melting of certain fubftances generates £le£lricity, 14, 

25- 

^#«/Jj,fuppreffion of relieved by eleftrization, H. ij6, 

169, 170. 

■ Metals melted by Eleflricity, 310. II. 277 ; their con-, 
dufting power afcertained, 311, 314.; globules of, 
how made, 314 5 colours marked on them, 317; cal- 
cined by EleQricity, II. 285. 

Minns Elcflricity, what, 20, 107. 

Mortar^ cledlric, defcribe({, 273. , 

N. Needlesy 
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• N. 

I 

Niidlis renclered ipagnetic hf means of Eledricity, 66 ; 
by the flroke of a hammer, 66 ; often found td be 
magnetic, 66* 

Negative Eledricity, what, 20, 10/; when produced|i 

20, 21, 22, 23. 

Nervous headrax:he8 ele^ified, II. 154. 

Nitrous air, effe<^ produced by the ele<^ic iparks in it, 
II. 279. 

NjtM'COHduffors, what, 4, <• 

Non-eU^ricSj what, 5, 

Q. 

Opacity of the vit4rcou8 humour of the eyes, cured by 
means of Eledricity, II. 148. 

Or^tfw, eleftric, of tfee torpedo, defcribed, II. 289; of 
the gymnotus eleAricus, defcribed, JI. 303 j of the 
' ^uriis ele^icus^ II. 312* 

P. 

Palfies eleSrified, II. 149. 

Paper torn by a Ihock, 266 ; ftained by a Oiock, tSo. 

Parallel plates defcribed, 178 ; experiment with, 193. 

Paralyfts eleSrified, II. 183, 193. 

P/««7 of eleftric light, 18, 219. 

Perjpiratipn promoted by Electricity, 44. 

Pblogifton^ what, 116; is probably the fubftance which 
renders bodies condudlors of £le£tricity, 125. 

Phofphoric property of various fubflances, 231^ 234. 

Plate glafs machine, 158. II. 273. 

Plates of glafs, coated and charged, 359^ 

P/aj Eleftricity, 2*0, X07. 

Pointed body y its properties refpefting EleSricity, 42, 
220, 221, 222, 293. II. 222, 294 ; its property ex* 
^jM^4» 3po. II. 253; its property ex^iKiplified, . 

Y 2 306 J 
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306 ; great diftance at which it imbibed the Elec- 
tricity, and appeared luminous, 11. 275. 

tofitive Eledricity, 20, 107 ; when produced, 20, 21^ 

22, 2J. 

Powder ^ gun, fired by means of £le£lricity, 277. IL 241, 

, 24'i,276. 

Powdersy how excited, II. 75, 76* ' 
Precious ftones, their elefhical properties, 32. 
Pregnani women, caution in ele<9:rifying them, IL 157. 
Pulmonary inflammations electrified, II. 153* 
Pulfothfty whether quickened by ele£i;rization, 87. II. 

* ^77. 

Quadrant electrometer, defcribed, 170 ; ftandardof that 
ufed with the eledrical kite, II. 13. 

Raitt, generally electrified, 72, 74. II. 38, 46* 
Repuljion^ eleCtrical, 2, 16 ; between bodies pofiefled of 
the fame -fort of EleCtricity, 43, 100 1 (hewn by ex- 
periments^ 190. 

Rijiduum of a charge, its caufe, 188^ 

RefifiQus Electricity, what, 20, 

Returning ftrokCj^ what, II. 221. 

JJi&/ttmtf//yJ« electrified, n. 145. 

Rod^ infulated metallic, experiment with, 212 i experi<t 
ment with two, 217. 

Rubberj what, 35 how made, 142 ; the beft for a tubeji 
146; how pVepared for aftion, 183. 

Rules, practical, 181 i ufeful in Medical EleCtricityji 

n. 139. , 

■ 

Safeties againft the lightning, 78, 80, 83, 84, 
Seiatica electrified, II. 153. 
Scrophuloui tumors eleClrified, II. 151. 

Sealing'UHix fpun into fine threads by means of Electri- 
city, 



INDEX. 

city, 345; after being excited, it is not Inftantly 
deprived of its Eleftricity by water, II. 87. 

Secretions promoted by eleftriZation, 87. 

Security for buildings againft the lightning, 80 ; for a 
veffel, 83; perfonal, 84. 

Senfations occafioned by Eleiftricity, 130. II. 275. 

Shocks what, 53, 59, -246; perfons differently affefled 
by it, 59 ; how increafed, 60 ; eflFeds produced by it 
in water, 62, 272, 273, 288 ; its effedson animals 
and vegetables, 62, 353 ; its effedts on eleftrics, bl^ 
63; its direction, 62; itfufesmetals,63,64. II. 277, 
282; it marks glafs with the prifmatic colours, 63; 
detaches aduftfrom imperfe^ metals, 64; revivi- 
fies metallic calces, 65 ; fpots marked by it on me- 
tals, 67, 68 ; it paffes over the furface of certaia 
fubftances, 68 ; its a3ion and colour, when taken yi 
different forts of elaftic fluids, 69, 70. II. 278; 
ftrongcnes are not beneficial in Medical Eleftridity, 
89, 94 ; to be felt by many perfons at the fame 
inftant of time, 246 ; it may be given only to a 
particular part of the body, 246. II* 124. 

Silh of different colours acquire different Electricities, 
326. 

Silurus eleftricus, its properties, II. 287, 

Sif/«, a rabbit's, its Eleflricity, II. 66. ^^ i 

Smell produced by a fhock, 263. 

Smoie is a conduSor, 321 ; atmofphere of, 328. 

Sore throat cured by eledlrization, II. i68. 

Spark 2, 17, 41 J taken upon an animal body, 431 
fires inflammable fubftances, 67. II. 276 ; the 
longeft, from whence may be taken, J45, 224^ 
226; experiment of drawing it, 22 J j its appear- 
ance, 224; its direcStion is deceitful, 225; its ap- 
pearance in Mr. Nairne's machine, 2255 may be 
rendered vifible in water, 272 ; is ihort and pun* 
gent from the firing of an eleftrical kite, II. 38J5 
length ef in the machine of Harlem, II. 276. 

Spathous air, e(fe<fts produced by the eledric fparks on 
it, II, 281. 

Specks, 
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Specii^ black, cbntraded by thecyHnder of an eleftrical 
machine, i%$\ feveral obferved on the (kin of the 
ele&ric fifhesi^ IL 289. 

Spider^ ele^rical, an experiment fo called, 340. 

Spiders web^ fenfation fo called, 47. 11. 275. 

Spiral tuhe defcribed, 241. 

Spirits inflamed by means of EletSrtcity, aaS. 

Spottty water, fuppofed to be an electrical phenomenons 
75 ; imitated by means of Eledtrtcity, 288. 

Siar of eleAric light, 17, 99, 219* 

$(r^am from a wooden point, is ufcfully employed in 
. ; Medical Electricity, IL 126 ; from a raecal point 
alfo ufeful in Medical Ele^ricity, II. 127. 

Siring proper for an dedrical kite^ II. 6.. 

Sfroke, returning, what, II. 22lr 

Sm^ar illumioateid by a £hock> 265* 

Sulphur excited by meltings &c. 2$.. 

Swellings ejedrified, II. 146; white, cured by means of 
Electricity, II. 147. 

Sjphv ele6iri6od» 337. 

T 

Thermometer^ eleClrical aif , 274 ; raifed by means of 
Eledricity, 344. 

Thunder \s an eie£irical p^hienomenon, 72 ; imitated, 73, 
290 ; in what manner it happens, 74. 

Thunder-hou^t defcribed, 302^ 
Tooth' ache tltSinfiQ^^ II. 146. 

Torpedo^ its properties, 11. 287, 294; defcribed, II. 289; 
its eiFeCts imitated, II. 298. 

Tourmalin, what, 28 j its properties, 29. 

Track marked upon glafs, and oth^r bodies, by the ex- 
plolion of ajar, 65. 

Tubes of glafs ufeful to an eledrician, 146 ; fmall ones 
broken by a (hock, 270, 351 ; perforated by fparks, 
342 ; inciofing quickfilver, their properties, 11. 69. 

7 V. Vacuum y 
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V. ' 

Tacmum^ its properties refpeding Elefbricity, xr, tl; 

Leyden, 261 • experiment made in it by the author^ 

II. 90. 
yapcur of hot water is a coridu£lor, 321. 

Varnijh is not proper for the purpofe of coating the 

infide of eledric jars, II. 68. 
FtgetableViky in what manner is afFeSed by El eftricity, 45* 

Velocity fuppofed to be acquired by the eleflric fluid in 
going through long Conduftors, 11. 232. 

Venereal difeafe eledtrified, II. I58. 

Vejfels^ in what manner may be fecured againft the lights 
ning, 83. 

ViniUating Elc<3ricity, 360 } negative, what, IL 197; 
pofitive, what, II. 198* 

Vitreous Elciftricity, what, 19. 

Vitriolic 'Zcid'2Lir J efFeds produced by the eledlric fparks 
on it, II. 280. 

Ulcers eledrified, II. 149. 

W. 

JVater^ fparks may be rendered vifible in it, 272 ; hovr 
afFeiSted by a (hock, 62, 272, 273, 288 5 fpout imi- 
tated, 288 ; concudion given to it by a fhock, 320 ; 
illuminated by a fhock, 336. 

iVax excited by melting, 26 ; is apt to attraft the afhesi 
when melted by the wax-^chandlers, 129; feaiing, 
fee Sealing-wax, 

tVell, ele£):ric, what, and its properties, 2or. 

fVhirlzuind, fuppofed to be an cledlrical phenomenon, 
75 ; imitated, 280. 

/iTiV^x, metallic, melted by Eledtricity, 310. II. 282; 
may be lengthened and (hortened, by means of 
Eiedlricity, 312 » particular fort of condud^ing one« 
ufeful in Medical Electricity, II. 130. 

ADDI- 



ADDITIOKrS. 

TH E mineral ^cids are much better condudor^ 
than other liquids, and the conducing power of 
irater is confiderably increafed by the admixture even of 
tfmall quantity of «ny of them. 

' Quickfilver excites glafs negatively^ 

Very good tdormalins, it is faid, have been found in 
i ibe mountains of Saxony, near Freyberg. 

I To Chap. V. Exp. L— The pin or pointed body that 
i kprefented to the ralibar muft not be very iharp ; other- 
' wife the pencil of light is rarely obferved. 

\ To Vol. H. p. 82*^ — The lower extremity of the fil ver 
.wire muft be formed into a globule, in order to prevent 
the corks getting oflF. This is eafily done, by putting 
the extremity of the wire in the flame of a candle. 
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DIRECTIONS TO the BINDER. 

Take care to place the Plates I. and II. at the end of 
Vol. I. and the Plates III. IV. and V. at the end 
of Vol. II. 
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